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Complete packaged Multi-Band Antenna Systems employing the famous Bassett Sealed 
Resonators and a special Baiun, Air has been evacuated from both and replaced with pure 
helium at one atmosphere. 

Highly efficient system packages including all hardware, insulation, coax cable, and copperweld 
elements assembled at the factory. Complete installation instructions included. 

Multi frequency models available for all amateur bands and for commercial use. point to point, 
ground to air. military and government. 


MODEL DGA4075 — $59,50 

A complete system package for primary 
use in the 40 and 75 meter bands at 
power levels up to 4KW-PEP with 
secondary operat ion in other bands at 
reduced power levels, 

MODEL DGA-152040 — $79.50 

A complete system package for primary 
use in the 15, 20, and 40 meter bands 
at power levels up to 4KW-PEP with 
secondary operation in other bands at 
reduced power levels. 


MODEL OGA 2040 — $59.50 

A complete system package for primary 
use in the 20and 40 meter bands at 
power levels up to 4KWPEP with 
secondary operation in other bands 
at reduced power levels, 

MODEL DGA 204075 — $79,50 

A complete system package for primary 
use in the 20. 40, and 75 meter bands 
at power levels up to 4KW PEP with 
secondary operation in other bands at 
reduced power levels. 


CONTACT YOUR DISTRIBUTOR OR WRITE FOR DATA 



Savoy Eloctronicsjnc. 

P.O. Box 7127- Fort: Lauderdale, Florida-33304 
Tel: 306-566-8416 or 306-947-1101 




















Build quality in your 

amplifier... 



use Barker & Williamson 

band switching pi-net inductors. 

1 K.W. and 500 Watt models available: 

Heavy duty coil with ceramic end plates and rugged heavy 
duty switch contacts to assure positive switching to elimi¬ 
nate losses. 

SPECIFICATIONS: 


POWER RATING 


PLATE VOLTAGE 


PLATE LOAD IMPEDANCE 


BANDS (Meters) 


INDUCTANCE TAP (Each Band) 


Capacity To Resonate Each Band 


OVERALL DIMENSIONS 
(Length. Width. Height) 


OUTPUT IMPEDANCE 


SHIPPING WEIGHT (Pounds) 


SUITABLE TUBE TYPES 


MODEL BSD A 


TKW" 2KVT H 


MODEL B51 


MODEL 852 



wnjttim 


max, DC. 


2500 5000 ohms 


80 40-20-15 10 


. 0-0 8 


150 80-70-55 50 MMFD 


10 lv N4K ar N7» > 


50-75 ohms unbalanced 


VA 


613,4-125A, 4 ISOA. 4 45QA, 
4 400A. 4-100QA. 


PRICE 


'Under amplitude modulaled conditions 


$59.95 


250 watts" 500 watts" 

1 KW 2 KW" 

1250 veils at 200 MA' 
2000 volts max.-250 MA"* 

BBlii 

2500-5000 ohms 

1500-3000 ohms 

00-40-20-15-10 

80 40-20*1540 

14-6,3-1.5-0.87 0.52 UH 

7-3.72-2.34-1.34-0.95 UH 

150-80-70*55*50 MMFO 

268-144-73-48.5-36 MMFO 

7* x 3* x 314" 

10" X 4tf # xr 

50-75 ohms 

50-75 ohms unbalanced 

VA 

VA 

Single lube circuit, type* 

4 12SA.4 250A.4 400A.813. 
Parallel {1 of 4 lubpsl shunt 
fid circuit. 607,637,5146. 811. 
GDQ5- 

Single lube circujii-XCX-lGDDA, 
PL-172.3 10002. 

Parallel- 'wo lob# circuit*— 

(Z)3 4002. 

$29 95 

$59.95 


"PEP. CWaiid SSBcondiHom 


BARKER ft WILLIAMSON 

CANAL STREET, BRISTOL* PENNSYLVANIA 19007 * (215) 788-5581 
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Here’s why Thunderbirds outperform all other 
tri-banders: 

' Thunderbird s "Hy-Q" traps provide separate traps for each band Hy Q traps 
are electronically tuned at the factory to perform better at any frequency in the 
band-either phone or CW And you can tune the antenna, using charts supplied 
in the manual, to substantially outperform any other antennas made, 

* Thunderbird s superior construction includes a new. cast aluminum, tilt-head 

universal boom-to-mast bracket that accommodates masts from IV*” x 2W\ 
Allows easy tilting for installation, maintenance and tuning and provides mast 
feed-thru (or beam stacking. 

Taper swaged, slotted tubing on all elements allows easy adjustment and readjust¬ 
ment Taper swaged to permit larger diameter tubing where it counts! And less 
wind loading Full circumference compression clamps are mechanically and 
electrically superior to self-tapping metal screws 

* Thunderbird s exclusive Beta Match achieves balanced input, optimum matching 
on all 3 bands and provides QD ground to eliminate precipitation static 


* 25 db front-to-back ratio. 

* SWR less than t 5 to 1 on all bands. 

* 24-toot boom.,.none longer in the industry 

* Extra heavy gauge, machine formed, element to boom brackets, with plastic 
sleeves used only for insulation. Bracket design allows full mechanical support 

■ interlaced, optimum spaced elements for higher gain and better pattern control. 

* 3 active elements on 20 and 15 meters. 4 active elements on 10 meters 


New 6-Element Super Thunderbird 

Model 389 

Suggested retail price. $179.95 

Improved 3-Element Thunderbird 

Model 388 

Suggested retail price, $144.95 


Fabulous 3-Element Thunderbird. Jr, 

Model 221 

Suggested retail price. $99.95 

Popular 2-Element Thunderbird 

Model 390 

Suggested retail price, $99.95 


Buy one today at your favorite Hy-Gatn distributor! 

HV-GAIN EliCTRONICS CORPORATION 

P. CX Box 5407-WI, Lincoln, Nebraska 68505 
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a second 


A whole new family of ICs which is 
blooming in the development stage prom¬ 
ises to revolutionize communications. 
These new ICs, called OICs (pronounced 
oyks) for optical integrated circuits, use 
technology borrowed directly from the 
semiconductor 1C industry. 

OICs are closely related to laser com¬ 
munications, and provide lasing, coupling, 
modulating, filtering and multiplexing for 
future optical communications systems. 
Practical application of these new devices 
is anywhere from two to ten years in the 
future, depending on who you talk to. 
However, it is just a matter of time before 
optical communications systems carry the 
bulk of industrial traffic, including tele¬ 
phone, digital data and television. The big 
advantage of the optical system, of 
course, is the huge message-carrying band¬ 
width which is available. 

Early optical communications systems 
depend upon short laser links, but in 
future systems there will give way to 
fiber-optic wires which carry the signal 
from point to point. The optical fiber, 
already developed by Corning Glass, will 
carry a coherent laser signal with relative¬ 
ly small losses. OICs will be used to 
process the optical signal once it reaches 
its destination. 

Both active and passive types of OICs 
are being developed at the present time. 
The most successful passive types use a 
thin glass film deposited on a glass plate. 
A masking and etching process similar to 
that used by 1C manufacturers removes 
the excess glass deposit. These passive 
structures can be formed into frequen¬ 
cy-selective filters and directional cou¬ 
plers as well as straight signal-carrying 
optical waveguides. 



Development work on active OICs is 
progressing on several different, divergent 
fronts. Some scientists are fabricating 
optical waveguides in gallium-arsenide 
compounds, a familiar semiconductor ma¬ 
terial. Waveguide effects have also been 
produced in zinc selenide diffused in 
cadmium. The materials and processes 
being developed for OICs remind me of 
the then-new and strange semiconductor 
processes which spawned the transistor 
industry in the late 1950s. 

Many problems will have to be solved 
before optical communications and OICs 
become a practical reality, including a 
method of putting laser energy into the 
device and taking it out. Two methods 
that show promise include prisms placed 
very close to the surface and optica! 
gratings etched on the waveguide surface. 
Prisms are much more efficient than the 
gratings, but they cost considerably more 
and are more difficult to build. However, 
research is progressing in this area, and in 
all probability, a low-loss grating will 
eventually be developed. 

Although few amateurs have added 
laser-communications to their repertoire, 
some amateurs have had good success, 
including the two-way laser phone con¬ 
tact of WA8EWJ and W4UDS, and 
W4KAE's nearly 4-mile QSO with a 
keyed laser beam. With the availability of 
new optical equipment, including OICs, 
range will increase, and someday, in the 
not too distant future, we may even have 
an amateur band in the visible light range. 
Anyone for a schedule on 500 Terahertz? 


Jim Fisk, W1DTY 
editor 
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Plug yourself 


into a bargain 


You don't plug the Yaesu FTdx 570 
into a power supply, you plug it into 
the wall. The 570 is ready-to-go, with 
560 watts of PEP SSB and 500 watts 
of CW power built-in. 

In a rig selling for $549.95. 

And power isn’t the 
reason why the FTdx is 
the world's best ^H 

transceiver value. 

For a nickel less 

than $550 you get g-’tm 

a whole lot more, Hu 

Like a built-in BBh 

noise blanker. . 

VOX. Calibrators ^ 

A built-in speaker " 

and cooling fan. ^^^KflNptr*i 

WWV channel. 

And 80 to 10 meter 


clearly other rigs don't hear at all. Plus 
a lot of other features detailed in our 
brochure. Features that would cost 
you a fortune if you could find them all 

in any other rig. 
For a little more than the 
$549.95 price tag, you 
can order the 570 
a CW filter, 
us the 
coupon and we'll 
®’’ send you a 

HI ^^^H brochure on the 
Hft, FTdx 570. 

Include a check 
A for $549.95 and 

* we’ll send you the 

real thing. Do that, and 
you'll be plugged in to 
amateur radio operation 


coverage on transmit and 
receive. 

You get a rock-stable VFO, and a re¬ 
ceiver so sensitive it hears things 


SPECTRONICS WEST 

Dep I Q> U91 f zaih. Signal Hill, Ca WN*, / (2T3) 426-2593 

SPECTRONICS EAST 

Di pl Q, Hox N57, Slow. Ohio 4-1224 / f2?6l 923-4567 


at its finest. 

[ J Please send detailed information on all Yaesu I' 
pro duel s. 

□ Inclosed find S _ _ J 

Please send model(s) ______._ 

Name_ ( 

Address . _ J 

City_^State__Zlp _ __ | 

All prices FOB. Signal Hill. Co 
Master Charge and BahkAmericard accepled “HI* 1 i 
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high-frequency 
power amplifier 

pi network design 


A complete discussion 
of pi and pi-L 
network design, 
with computer-derived 
component values 
for a wide range 
of operating conditions 
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The design of rf power amplifiers has 
always fascinated the typical radio ama¬ 
teur, and it remains one of the few fields 
in which a person of modest technical 
capability can still actively participate. 
Although the number of home-built 
transmitters has steadily diminished as 
more commercial companies have entered 
the market, many amateurs still like to 
design and build their own final amplifier. 
The information contained in this article 
should greatly assist those so inclined. 
Many interesting comparisons will be 
presented between amplifiers running at 
different power levels as well as pertinent 
computer-derived data for the proper 
selection of component values. 

With single sideband and its legal 2-kW 
PEP maximum input power, certain 
problems crop up which many amateurs 
overlook or are unable to handle. This is 
because the operator wants to run the 
amplifier at one power level for ssb and 
another for CW. The problems are com¬ 
pounded when the operator also wants to 
run RTTV, which is 100% key-down 
continuous-carrier operation. 

There is also a growing tendency to 
build power amplifiers with higher plate 
voltages than were common a few years 
ago. Part of this trend is due to the fact 
that the newer power tubes provide maxi¬ 
mum performance at high plate voltages. 
Many of the pi-network design charts 
previously published have not been ex¬ 
tended to include these higher operating 
voltages. 
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The pi network is so named because of 
its resemblance to the Greek letter pi as 
shown in fig. 1. The same network in its 
electrical form with input and output 
impedances is shown in fig. 2. Since most 
amateurs use 50-ohm coaxial transmission 
line, the output load impedance of the pi 
network is usually 50 ohms. 

When the pi network is used in a 
power amplifier, the circuit looks like 
that shown in fig. 3. The antenna pro¬ 
vides the output load impedance, Z L , and 
the power tube provides the input load 
impedance Z 0 . Since the plate load im¬ 
pedance usually falls into the range of 
1200 to 5000 ohms, the pi network trans¬ 
forms the high impedance of the vacuum 
tube into the 50-ohm antenna load. It per¬ 
forms this job quite efficiently, and with 
predictable results. 

harmonic attenuation 

Actually, the pi network is a basic 
form of three-pole low-pass filter. With 
proper care in design it will attenuate the 



rh 


fig* 1. Th« pi network is so named because of 
its basic resemblance to the Greek letter 7T. 


second harmonic by 35 dB or more. 1 
This would be for a loaded Q of 12; if the 
Q is doubled, attenuation is increased by 
approximately 6dB. 

The pi-L network shown in fig. 4 
consists of a standard pi network with an 
additional inductor. Since the pi-L net¬ 
work is a four-pole low-pass filter, second 
harmonic attenuation is increased to 
approximately 50 dB. This is particularly 
important if you want maximum sup¬ 
pression of TVI. 

In addition to increased harmonic sup¬ 
pression, the pi-L network offers greater 
bandwidth for a given variation in oper¬ 
ating Q, requires less output capacitance, 
and is able to operate efficiently with 
lower Q at very high plate load im¬ 


pedances. These advantages will become 
more apparent later in this article. 

plate load impedance 

The dc plate resistance of a vacuum 
tube, at a given input power level, can be 
calculated with Ohm's law: R = E/I, 
where E is the dc plate voltage and I is 
the dc plate current. However, since we 
are dealing with an ac circuit, this is of 
little value. What we need to know is the 
plate load impedance. This is given ap¬ 
proximately by the following equation 
which has been derived from the complex 
functions of a vacuum tube operating in 
class B. 



E 

1.57 I 



where Z p is the plate load impedance, I is 
the indicated plate current and E is the dc 
plate voltage. 

When the vacuum tube is operated in 
class C, as for CW, the plate load im¬ 
pedance is approximated by 



If you are using a linear amplifier that 
runs with very high idling current, and 
approaches class A, the following approx¬ 
imation for plate load impedance would 
be more appropriate. 



Zero-bias grounded-grid linears are usu¬ 
ally thought of as being class B, but there 
is no hard and fast rule in this regard. A 
number of articles have been written on 
this subject, and you are likely to have 
already formed some opinions of your 
own. 

Consider the case of a class-B rf power 
amplifier with a 2100-volt plate power 
supply and indicated plate current of 476 
mA (1 kW input). As calculated from eq. 
2, the plate load impedance is 2800 
ohms: 



2100 

1.57 • 0.476 


= 2800 ohms 


Typical plate load impedances for vari¬ 
ous power levels and different operating 
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voltages and currents are shown in table 
1. It can be seen from this data that the 
plate load impedance rises to very high 
levels when the plate voltage is increased 
above 4000 volts. More amateurs than 
might be expected use 4000 to 6000 volt 
power supplies, and many of the associ¬ 
ated problems have not been adequately 
discussed in the past. 

circuit Q 

The letter Q stands for quality factor, 
and is used to describe, in simple numeri¬ 
cal terms, the efficiency and performance 
of capacitors and inductors. Actually, 
there are two types of Q — loaded Q and 
unloaded Q. The unloaded Q is the 
inherent quality factor of the component 
itself; loaded Q is the quality factor of 
the component when it is used (and 
loaded down) by the circuit. 



LI 

. rrYT\ . . 



~N Cl S' 

~C2 < 

--< 

►-- 4 

>- 


fig. 2. Basic pi network showing the input and 
output load impedances. The Input load impe¬ 
dance in transmitters is the plate load impe¬ 
dance; output load impedance is usually 50 
ohms in amateur stations. 


The unloaded Q of a component is 
given by 

CL = Q (unloaded) = (4) 

u r 

where X is reactance and r is ac resist¬ 
ance. The unloaded Q of a high-quality 
capacitor might be 1000 or more, and a 
silver-plated inductor might have an un¬ 
loaded Q of more than 500. 

The loaded Q of a pi network is 
usually on the order of 10 to 20 for 
maximum harmonic attenuation, and is 
given by: 

Q 0 = Q (loaded) = J - ^ P - Z| - 

V Z L 


where 2 p is the input impedance to the 
network, and Z L is the output 
impedance. 

When designing pi networks a value of 


C3 U ANTENNA 



fig. 3. PI network used in the output of a rf 
power amplifier is coupled to the power tube 
through a dc blocking capacitor (C3). Cl is the 
tuning capacitor, C2 is the loading capacitor, 
and LI is the tank inductor. 

loaded Q is chosen on the basis of 
harmonic attenuation, and is used in the 
design equations to determine the in¬ 
ductance and capacitance values for a 
given operating frequency. 

L networks 

A typical step-down L network is 
shown in fig. 5. This network is used to 
transform its input impedance to a lower 
output impedance. The Q of this circuit is 
entirely dependent upon the ratio of the 
input and output impedances as given in 
eq. 5. 

For example, if the input impedance 
to an L network is 2500 ohms, and the 
output impedance is 50 ohms, the loaded 
Q of the network is 7: 

Q 0 = Q (loaded) = J - 2 5 0 Q, q — = \/49 = 7 

However, a loaded Q of 7 is much too 
low for good harmonic suppression. To 
determine the L-network input im- 



B* 


fig. 4. The pi-L network requires an additional 
inductor, and provides increased second har¬ 
monic attenuation. 
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pedance required to provide a desired 
value of loaded Q, eq. 5 is rearranged as 
shown below: 

Z p = Z l (Qq + 1) (6) 

For example, with an output load im¬ 
pedance of 50 ohms, and a desired loaded 
Q of 12 (for good harmonic suppression), 
the required input impedance is 7250 
ohms. This is very restrictive and does not 
allow the designer sufficient latitude. So, 
although the L network is extremely 
efficient (98% typical), a pi network is 
usually used in transmitter output 
circuits. 

pi network design 

You can think of the pi network as 
being two L networks in tandem as 
shown in fig. 6. The first L network is a 
step-down type while the second L net¬ 
work is reversed for impedance step up. 
As an example, consider the case where 
the input impedance to the dissected pi 
network in fig. 6 is 2900 ohms. With a Q 
of 12, the first L network would step the 
input impedance down to 20 ohms. This 
is often called the virtual impedance. 

7 - 2 p - 2900 - 2900 _ 

L Q^+1 12*+1 145 

= 20 ohms (7) 


used in a practical circuit. For a Q of 12 
and an antenna load of 50 ohms, this 
would represent a plate load resistance of 
5075 ohms. If the plate load resistance in 


LI 



fig. 5. Typical step-down l network is highly 
efficient but very restrictive as far as acceptable 
Q is concerned. 


a rf power amplifier is higher than 5075 
ohms, a Q of more than 12 is required to 
retain the same level of harmonic sup¬ 
pression. This problem is circumvented 
by the use of the pi-L network, as 
discussed below. 

pi-L network design 

Another L network may be added to 


La Lb 



fig. 6. Pi network is basically two L networks In 
tandem. 


The second L network would then be 
designed to raise this virtual impedance of 
20 ohms to 50 ohms to match the 
antenna. The Q of the second section 
would be quite low, on the order of 1.5. 

As the input impedance is increased 
with Q held constant, the virtual impe¬ 
dance increases, and when the virtual 
impedance is equal to the desired output 
impedance, the pi network reverts to an L 
network. For example, with a plate load 
impedance of 7250 ohms and a Q of 12, 
the virtual impedance is 50 ohms. This is 
the maximum possible impedance trans¬ 
formation for a Q of 12 and an output 
impedance of 50 ohms. 

Normally, about 70% of the maximum 
possible impedance transformation is 


the pi network as shown in fig. 7 for 
additional harmonic attenuation. In 
actual practice C2 and C3 are combined 
into one capacitor so the circuit used in 
the transmitter is like that shown in fig. 
4. 

In the pi-L network, the input pi 


U i-2 



fig. 7. In the pi-L network a second L network 
is added to the basic pi network. Capacitors C2 
and C3 are combined into one capacitor in a 
practical circuit, as shown in fig. 4. 
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section transforms the plate load impe¬ 
dance to some lower figure, such as 300 
ohms; this is often called the image 
impedance. The final L network trans¬ 
forms the image impedance down to 50 
ohms to match the antenna. 

From eq. 6 it can be seen that with an 
image impedance of 300 ohms and a Q of 
12, the pi network has a maximum 
transformation of 43500 ohms. Using 
70% of the maximum possible trans¬ 
formation as a practical maximum, as 
noted before, results in a maximum prac¬ 
tical input impedance of 30500 ohms 
with a Q of 12. This is far in excess of 
what you will ever need in a power 
amplifier designed for amateur service. 

The image impedance usually falls in 
the range between 200 and 400 ohms. It 
is selected for good harmonic attenu¬ 
ation, as well as balance in the T section 
of the pi-L network and reasonable CO rel¬ 


iable 1. Plate load impedances for different 
input power levels and different operating 
voltages and currents. 


input 

power 

(W) 

V 

mA 

plate 

impedance 

(ohms) 

1000 

2000 

500 

2546 

2000 

2000 

1000 

1273 

2500 

2000 

1250 

1019 

1000 

2500 

400 

3979 

2000 

2500 

800 

1989 

2500 

2500 

1000 

1592 

1000 

2800 

357 

4991 

2000 

2800 

714 

2496 

2500 

2800 

893 

1996 

1000 

3300 

303 

6933 

2000 

3300 

606 

3466 

2500 

3300 

758 

2773 

1000 

4000 

250 

10186 

2000 

4000 

500 

5093 

2500 

4000 

625 

4074 

1000 

5000 

200 

15915 

2000 

5000 

400 

7958 

2500 

5000 

500 

6366 

1000 

6000 

167 

22918 

2000 

6000 

333 

11459 

2500 

6000 

417 

9167 


ponent values for the capacitors and 
inductors. If the image impedance is too 
high, the tuning capacitor (Cl) will be 
too small on 10 and 15 meters, and the 
two inductors will be very large. Large 
inductors, of course, increase circulating 
currents which result in higher losses due 
to heat. 

Q vs frequency 

The loaded Q of a pi network (or any 
tank circuit, for that matter) is equal to 
its parallel-resonant impedance divided by 
either the inductive or capacitive re¬ 
actance of the network. The resonant 
impedance because the pi network is 
designed to match the tube operating 
conditions. 



The reactance of any inductor is 
directly proportional to frequency, in¬ 
creasing as the frequency increases. 
Therefore, from eq. 8 it can be seen that 
if a particular inductor is used, loaded Q 
will vary inversely with frequency. As the 
frequency is lowered, for example, Q is 
raised a proportionate amount. With this 
in mind, it is easy to determine the Q for 
a given network on a different frequency 
from the following formula: 

. - fl. a (9) 

f2 Q1 


Where fl and Q1 are the frequency and Q 
at one frequency, and f2 and Q2 are at 
the second, different frequency. 

For example, if an 80-meter pi net¬ 
work has a Q of 12 at 4.0 MHz, what is 
the Q at 3.5 MHz? 

-M_ = -92_ Q2 = 13.7 


Although the actual loaded Q is some¬ 
what dependent upon the value of plate 
load impedance used in the circuit, this 


approximation is accurate within 1%. In 
the above example, with a plate load 
impedance of 3000 ohms, Q2 would 
actually be 13.84. 

Since the Q of the network goes up as 


10 
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fig. 8. Efficiency of a network is inversely proportional to the loaded Q of the network. 


the frequency goes down, it's a good idea 
to design the pi network for the highest 
frequency that is to be used. 2 With this 
approach, when the same inductor is used 
at lower frequencies within an amateur 
band, Q increases somewhat, improving 
harmonic attentuation. 

Table 2 shows how Q varies as a pi 
network is retuned to a different fre¬ 
quency (same inductor). Table 2A shows 
a pi network designed for 4.0 MHz which 
is retuned to 3.5 MHz; Q increases from 
12 at 4.0 MHz to 13.8 at 3.5 MHz. The 
values of the tuning and loading capaci¬ 
tors are shown for comparison. 

Table 2B shows the case where a pi 
network is designed for 3.5 MHz with a Q 
of 12 and retuned to 4.0 MHz (same 
inductor). The Q drops to 10.4, well 
below the selected minimum of 12. 

network efficiency 

As the loaded Q of a network is 
increased, efficiency goes down because 
of higher circulating currents and higher 


losses in the components. Approximate 
efficiency is given by 

efficiency = 100(1- —) (10) 

Qu 

where Q 0 is the loaded circuit Q, and 
is the unloaded component Q. The graph 
in fig. 8 shows that efficiency is a linear 
function of loaded Q. For minimum loss, 
the loaded Q should be as low as con¬ 
venient, while still providing adequate 
harmonic attenuation. This figure has 
arbitrarily been chosen as 12. 

When the pi network is designed, the 
minimum Q of 12 can only be obtained 
at the upper frequency of each amateur 
band, and then only at the maximum 
input power level. For other frequencies 
or lower input powers, the loaded Q is 
higher than 12. 

pi network design 

Usually, when you are trying to design 
a pi network for your transmitter or 
linear amplifier, you must refer to graphs 


table 2. Variations in Q as the resonant frequency of the pi network is changed (same inductor). 



frequency 

plate 

impedance 

(ohms) 

load 

impedance 

(ohms) 

Cl 

(pF) 

LI 

</lH) 

C2 

(pF) 

Q 

A, Decreasing 

4.0 MHz 

2500 

SO 

191 

9.18 

1097 

12.0 

frequency 

3.5 MHz 

2500 

50 

252 

9.18 

1536 

13.8 

B. Increasing 

3.5 MHz 

2500 

50 

218 

10.49 

1254 

12.0 

frequency 

4.0 MHz 

2500 

50 

165 

10.49 

863 

10.4 


h r 
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table 3A 

. Pi 

network component values for 

41 

F 

Cl 

u 

cz 

R 2 


matching 







OHMS 

mi 

pr 

UH 

PF 

OHMS 

QUAL. 

a 50-ohm 

antenna load 

. Values have 

3808 

7.0 

95 

5.93 

503 

30 

12.6 

bean chosen for a 

Q of 12 

! at the top edge of 

3888 

3808 

14.8 

2 1.0 

47 

31 

3.85 

2.82 

203 

187 

30 

30 

12.3 

12.3 

each amateur 

band. 

For plate load impedances 

3808 

29.7 

21 

1.46 

120 

38 

12.8 

greater than 5000 ohms, the Q of 

the 

network 

3308 

3.3 

1 00 

12.53 

1283 

38 

13.8 

has been 

adjusted 

upward 

to compensate for 

3900 

3380 

7.8 

I 4.8 

82 

40 

6.06 

3.49 

312 

247 

50 

30 

12.6 

12.3 

the maximum transformation ratio 

, as discussed 

3380 

3 500 

21 .8 
29. 7 

27 

10 

2.34 

1.69 

164 

11 1 

50 

58 

12.3 

12.8 

in the text. R1 is the plate load Impedance. 

4000 

3.3 

157 

14.19 

1079 

50 

13.8 








4008 

7.0 

71 

7.77 

45 l 

38 

12.6 

Rl 

F 

Cl 

LI 

C2 

R 2 

'o' 

4000 

1 4.0 

35 

3.93 

217 

50 

12.3 

OH PS 

mz 

PF 

UM 

PF OHMS 

QUAL. 

4000 

21.0 

23 

2.64 

144 

38 

12.3 

200 

3.5 

3 147 

0.98 

6244 

50 

13.8 

4800 

29.7 

16 

1 .91 

97 

50 

12.0 

200 

7.* 

l 42 7 

0.54 

2827 

50 

12.6 








2*0 

14.0 

701 

0.27 

1387 

50 

12.3 

4508 

3.5 

1 48 

15.04 

971 

50 

I 3 .g 

200 

21 .0 

465 

0.18 

921 

50 

12.3 

4500 

7.0 

63 

8.66 

397 

38 

12.6 

200 

29.7 

322 

0.13 

636 

50 

12.0 

4500 

14.0 

31 

4.40 

190 

50 

12,3 








4500 

21.0 

21 

2.95 

126 

50 

12.3 

300 

3.5 

2090 

1 .38 

507) 

50 

13.8 

4500 

29.7 

14 

2.13 

84 

50 

12.8 

300 

7.0 

952 

0.76 

2294 

50 

12.6 








300 

14.0 

467 

0.39 

1125 

50 

12.3 

5000 

5.3 

126 

17.48 

875 

30 

13 .S 

300 

21 .0 

310 

0.26 

747 

50 

12.3 

5000 

7.0 

57 

9.35 

348 

58 

12.6 

300 

29.7 

214 

0.19 

5 J 6 

50 

12.0 

5000 

14.0 

28 

4.85 

165 

50 

12.3 








5000 

21 .0 

1? 

3.23 

109 

50 

12.3 

400 

3.5 

15 73 

1 .76 

43 68 

50 

13.8 

5000 

29.7 

13 

2.34 

72 

50 

12.0 

400 

7.0 

71 4 

0.97 

1973 

50 

12.6 








400 

14.0 

350 

0.49 

968 

50 

12.3 

5500 

3.5 

1 19 

18.41 

861 

50 

14.4 

400 

? 1 .0 

233 

0.3 3 

643 

50 

12.3 

3500 

7,0 

34 

10.85 

341 

58 

13.1 

400 

29.7 

161 

0.24 

444 

50 

12.0 

5300 

14.0 

27 

5.11 

162 

50 

12.8 








5500 

21.0 

is 

3.42 

107 

30 

12.8 

300 

3.5 

1259 

2.14 

3886 

50 

13.8 

3580 

29.7 

12 

2.47 

70 

58 

12.5 

5*0 

7.0 

57| 

1.18 

1753 

50 

12.6 








500 

14.0 

200 

0.60 

859 

50 

12.3 

6000 

3.3 

1 14 

19.18 

862 

30 

15.1 

500 

21 .0 

186 

0.40 

57| 

50 

12.3 

6000 

7.0 

52 

10.48 

341 

50 

13.7 

500 

29.7 

129 

0.29 

394 

50 

12.0 

6000 

14.0 

25 

5.33 

162 

50 

13.4 








6008 

21.0 

1 7 

3.36 

107 

50 

13.4 

500 

3 .5 

1049 

2.51 

3528 

50 

13.8 

6000 

29.7 

12 

2.57 

70 

50 

13.1 

500 

7.0 

476 

1 .3 8 

1590 

50 

12.6 








500 

14.0 

23 4 

0.70 

779 

50 

12.3 

6500 

3.5 

1 10 

19.92 

862 

50 

15.7 

500 

21 .0 

155 

0.47 

517 

50 

12.3 

6500 

7.0 

50 

10.89 

341 

50 

>4.2 

600 

29.7 

107 

0.34 

357 

50 

12.0 

6500 

14.0 

24 

5.34 

162 

30 

14.0 








6500 

21.0 

16 

3.70 

107 

50 

13.9 

700 

3.5 

099 

2.88 

3248 

50 

13.8 

6500 

29.7 

11 

2.67 

70 

50 

13.6 

700 

7.0 

408 

1 .5 8 

1462 

50 

12.6 








700 

14.0 

200 

0.81 

716 

50 

12.3 

7000 

3.5 

106 

20.63 

862 

50 

16.3 

70 0 

21 .0 

133 

0.54 

4 75 

50 

12.3 

7000 

7.0 

48 

1 1 .28 

34) 

50 

14.8 

700 

29.7 

92 

0.3 9 

328 

50 

12.0 

7000 

14.0 

24 

5.74 

162 

50 

14.5 








7000 

21.0 

16 

3.84 

107 

58 

14.4 

500 

3.5 

787 

3 .2 4 

3021 

50 

13.8 

7000 

29.7 

II 

2.77 

70 

38 

14.1 

500 

7.0 

35 7 

1.78 

1358 

5* 

12.6 








800 

14.0 

175 

0.91 

665 

50 

12.3 

7500 

3.5 

182 

21 .31 

862 

50 

16.8 

000 

2 1 .0 

116 

0.61 

4 42 

50 

12.3 

7500 

7.0 

46 

1 1 .66 

341 

30 

15.3 

800 

29.7 

00 

0.44 

304 

50 

12.0 

75 00 

14.0 

23 

5.93 

162 

50 

15.0 








7500 

21.0 

15 

3.97 

107 

38 

14.9 

9*0 

3 .5 

699 

3.60 

2832 

50 

13.8 

7500 

29.7 

10 

2.86 

70 

30 

14.6 

900 

7.0 

31 7 

1 .98 

1271 

50 

12.6 








900 

14.0 

156 

1 .01 

622 

50 

12.3 

8000 

3.5 

99 

21.98 

862 

30 

17.4 

900 

21 .0 

103 

0.67 

4 13 

50 

12.3 

8000 

7.0 

43 

12.02 

541 

50 

15.8 

900 

29.7 

71 

0.49 

285 

50 

12.0 

8000 

1 4.0 

22 

6.11 

162 

50 

13.5 








8000 

21 .0 

15 

4.09 

187 

50 

15.4 

1000 

3.5 

629 

3.96 

2671 

50 

13.8 

8000 

29.7 

18 

2.95 

70 

30 

15^1 

1000 

7.0 

205 

2.18 

) 197 

50 

12.6 








1 000 

14.0 

140 

1.11 

586 

50 

12.3 

8500 

3.5 

96 

22.62 

862 

58 

17.9 

10*0 

21 .0 

93 

0.74 

3 89 

50 

12.3 

8300 

7.0 

44 

12.38 

34 1 

30 

16.3 

t 000 

29.7 

64 

0.54 

268 

50 

12.0 

8500 

14.0 

21 

6.29 

(62 

30 

16.8 








8300 

2 1 .0 

14 

4.21 

107 

50 

15.9 

1 100 

3 .5 

572 

4.32 

2532 

50 

13.8 

8300 

29.7 

10 

3.04 

70 

30 

13.6 

1 100 

7.0 

2 60 

2.37 

1133 

50 

12.6 








1 100 

14.0 

127 

1 .21 

555 

50 

12.3 

9000 

3.3 

93 

23.24 

862 

30 

18.5 

1 100 

21 .0 

85 

0.81 

368 

50 

12.3 

9000 

7.0 

42 

12.72 

341 

30 

16.7 

1 100 

29.7 

50 

0.58 

253 

50 

12.0 

9800 

14.0 

21 

6.47 

162 

30 

16.4 








9000 

21 .0 

14 

4.33 

107 

30 

16.4 

1200 

3.5 

52 4 

4.67 

24 10 

50 

13.8 

9800 

29.7 

18 

5.12 

78 

50 

16.0 

LZ 00 

7.0 

23 8 

2.5 7 

1077 

50 

12.6 








120* 

14.0 

1 1 7 

1 .3 1 

527 

50 

12.3 

9500 

3.5 

91 

23.85 

862 

50 

19.8 

1200 

21 .0 

78 

0.87 

350 

50 

12.3 

9588 

7.0 

41 

13.06 

341 

30 

17.2 

1200 

29.7 

54 

0.63 

24 1 

50 

12.0 

9908 

1 4.0 

20 

6.64 

162 

50 

16.9 






9508 

21.8 

13 

4.44 

107 

38 

16.8 

1300 

3 .5 

484 

5.03 

2302 

50 

13.8 

9500 

29.7 

9 

3.21 

70 

50 

16.4 

130 0 

7.0 

22 0 

2.76 

1027 

50 

12.6 




24.44 

862 

30 


1300 

14.0 

108 

1 .40 

502 

50 

12.3 

10000 

3.5 

88 

19.5 

1300 

21 .0 

72 

0.94 

333 

50 

12.3 

10000 

7.0 

40 

13.38 

341 

30 

17.7 

1300 

29.7 

49 

0.68 

229 

50 

12.0 

10000 

14.0 

20 

6.81 

162 

50 

17.3 





10000 

21.0 

13 

4.53 

107 

50 

17.3 

1400 

3.5 

450 

5 .38 

22 05 

50 

13.8 

10000 

29.7 

9 

3.29 

70 

30 

16.9 

1 400 

7.0 

204 

2.95 

982 

50 

12.6 





862 

30 

19.9 

1 400 

14 .0 

100 

1 .50 

4 80 

50 

12.3 

10500 

3.5 

86 

25.02 

1 400 

21 .0 

66 

1 .01 

3)9 

50 

12.3 

10500 

7.0 

39 

13.78 

341 

50 

10.1 

1400 

29.7 

46 

0.73 

2 19 

50 

12.0 

10500 

14.0 

19 

6.97 

162 

30 

17.8 





10588 

21.0 

13 

4.66 

107 

58 

17.7 

1500 

3.5 

420 

5.73 

21 1 7 

50 

13.8 

10300 

29.7 

9 

3.37 

70 

58 

17.3 

1500 

7.0 

190 

3.14 

942 

50 

12.6 




25.38 

862 

58 

20.4 

1500 

14.0 

93 

1 .60 

4 60 

50 

12.3 

1 1888 

3.5 

84 

15*0 

21 .0 

62 

1 .07 

305 

50 

12.3 

1 1808 

7.0 

38 

14.81 

341 

38 

18.5 

1500 

29.7 

43 

0.77 

210 

50 

12.0 

1 1000 

14.0 

19 

7.13 

162 

38 

18.2 






I 1888 

21.0 

12 

4.77 

107 

30 

18.1 

2008 

3.5 

3»5 

7.46 

1 776 

50 

13.8 

11008 

29.7 

9 

3.44 

70 

30 

17.7 

2000 

7.0 

143 

4.89 

783 

58 

12.6 

1 1900 


83 

26.13 

862 

38 

20.9 

2000 

14.0 

70 

2.88 

382 

30 

12.3 

3.3 

2000 

21.0 

47 

1.39 

253 

98 

12.3 

11980 

7.0 

37 

1 4.32 

341 

30 

18.9 

2000 

29.7 

32 

1 .81 

174 

50 

12.8 

11980 

14.8 

18 

7.28 

162 

38 

18.6 





1 1988 

21.0 

12 

4.87 

107 

38 

18.3 

2500 

3.5 

252 

9.11 

1536 

50 

13.8 

11388 

29.7 

8 

3.32 

70 

38 

18.1 

2500 

7.0 

114 

5.83 

678 

90 

12.6 




26.67 

862 

38 

21 .3 

2500 

14.0 

56 

2.56 

326 

50 

12.3 

12080 

3.5 

61 

2500 

21.0 

37 

1.71 

216 

50 

12.3 

12080 

7.0 

37 

14.61 

341 

38 

19.3 

2500 

29.1 

26 

1.24 

148 

30 

12.8 

12000 

14.8 

<8 

7.43 

162 

38 

19.0 






12880 

21.0 

12 

4.97 

107 

50 

18.9 

3000 

3.5 

210 

18.86 

1352 

30 

13.8 

12008 

29.7 

8 

3.39 

70 

38 

18.3 

shown in reference books such 

as the 

These graphs 

are 

often somewhat confus- 

ARRL "Radio Amateur's Handbook/' 3 

ing because you must first determine the 
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table 3B. Pi-network component values for use 
within the 160-meter amateur band. Values 
were determined as in table 3A. 


R 1 

F 

Cl 

LI 

C 2 

R 2 


OHMS 

mht : 

PF 

UH 

PF 

OHMS 

GOAL . 

i 033 

1 .8 

1 lR 7 

7.94 

5019 

50 

13.4 

1030 

1 .<5 

1062 

7.95 

4459 

50 

12.7 

1033 

2.0 

955 

7.96 

39 79 

50 

12.0 

1250 

I .8 

849 

9.71 

44 19 

53 

13.4 

J 250 

1 .9 

849 

9.72 

39 J 7 

50 

12.7 

1250 

2.0 

764 

9.74 

3487 

50 

12.0 

i 5 m 

i .8 

79 1 

11.47 

3969 

50 

13.4 

t 500 

i .9 

708 

1 1 .48 

3510 

50 

12.7 

1 500 

2.0 

63 7 

11.49 

31 16 

50 

12.0 

1 750 

1 .8 

678 

13 .2 1 

3613 

50 

13.4 

1 750 

1 .o 

607 

13 .22 

31 ^7 

50 

12.7 

1 750 

2.0 

546 

13.23 

2 822 

50 

12.3 

2000 

1 .B 

593 

14.94 

3322 

50 

13.4 

2000 

1 .9 

53 1 

14.94 

292 £ 

■>0 

12.7 

2000 

2.0 

477 

14.95 

25 79 

50 

18.0 

2250 

1 .8 

52 7 

1 6.65 

30 76 

50 

13.4 

2250 

l .9 

472 

16.65 

2697 

50 

12.7 

2250 

2.0 

4 ?. 4 

16,66 

25 73 

50 

T 2.0 

2 500 

1 .8 

475 

1 " .3 6 

28 64 

50 

13.4 

2500 

» .9 

42 5 

18.36 

25 04 

50 

12.7 

2 50 0 

2.0 

382 

18.56 

2194 

50 

12.0 

2750 

1 .8 

432 

20.05 

2678 

50 

13.4 

2750 

1 .Q 

386 

20 .05 

2333 

50 

12 . 7 

2750 

2.0 

347 

20.0 4 

203 6 

50 

12.3 

3333 

J .8 

39 6 

21.74 

25 13 

50 

13.4 

3000 

l .9 

35 <t 

21.73 

2181 

50 

12.7 

3000 

2.0 

3 1 8 

2 1.72 

1894 

50 

12.0 

3250 

1 

365 

23 .4 1 

2564 

50 

13.4 

3250 

1 .9 

32 7 

23 .40 

2043 

50 

12.7 

3250 

2.0 

294 

23 ,3 8 

l 766 

50 

12.3 

3 500 

1 .8 

33 9 

25 .08 

2228 

50 

13.4 

3500 

1 .9 

303 

25 .0 6 

19 1 7 

50 

12.7 

3500 

2 .0 

273 

25 .0 4 

1647 

50 

12.0 

3 750 

1 .8 

3 1 6 

26.75 

2 104 

50 

13.4 

3750 

1 .9 

283 

26.72 

180 1 

50 

12.7 

3 750 

2.0 

255 

26.68 

1538 

50 

12.0 

4000 

1 .8 

297 

28.40 

1988 

50 

13.4 

4000 

1 .9 

265 

28.3 7 

1693 

50 

12.7 

4 000 

2.0 

23 9 

28.32 

1435 

50 

12.0 

4250 

1 .8 

279 

30.05 

1881 

50 

13.4 

4250 

i .9 

250 

30.00 

159 ) 

50 

12.7 

4250 

2 .0 

225 

29.95 

1337 

50 

12.0 

4500 

1 .8 

264 

31 .69 

17 79 

50 

13.4 

4500 

1 .9 

23 6 

31 .64 

1495 

50 

12.7 

4 500 

2 .M 

212 

3 1 .5 7 

1244 

50 

12.0 

4750 

1 .8 

25 0 

33 .3 3 

1684 

53 

13.4 

4750 

1 .9 

224 

33 .26 

1403 

50 

12.7 

4750 

2.0 

20 1 

33.17 

1155 

50 

12.0 

5000 

l .8 

23 7 

34.96 

15 93 

5.1 

13.4 

5000 

1 .9 

212 

34.87 

13 15 

50 

12.7 

5000 

2.0 

19 l 

34.77 

10 68 

50 

12.3 

525 0 

1 .8 

230 

36.0 l 

1566 

50 

13.7 

5250 

1 .9 

206 

35.93 

1290 

50 

] 2 . 9 

5250 

2 .0 

185 

35.82 

1042 

50 

12.2 

5500 

1 .8 

22 5 

36.81 

1566 

5 v) 

14.0 

5500 

1 .9 

201 

36.73 

1290 

50 

13.2 

5500 

2.0 

1 8 1 

3 6.63 

10 42 

53 

12.5 

5750 

1 .8 

220 

37 .59 

1567 

50 

14.3 

5750 

1 .9 

197 

37.52 

1290 

50 

13.5 

5750 

2 .0 

177 

37.41 

1342 

53 

12.8 

6000 

1 .8 

215 

38.36 

1567 

50 

1 4.6 

6000 

1 .9 

193 

38.28 

1290 

53 

13.8 

6000 

2 .0 

173 

38.18 

1042 

50 

13.1 

625 0 

1 .8 

21 1 

39.11 

1567 

5 0 

14,9 

6250 

1 .9 

189 

39 .03 

1290 

50 

14 . 1 

6250 

2.0 

[70 

38.94 

1042 

50 

13.3 


plate load impedance, select a value of Q, 
and then find the reactance of each of the 
components. Then you must locate yet 
another graph to convert these reactance 
values into actual values of inductance 
and capacitance. 

Few of these charts and graphs are 
extended above plate load impedances of 
5000 ohms, and most give vague refer¬ 
ence to the fact that if the plate load 
impedance is greater than about 5000 
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ohms, the Q should be increased. 

The charts in table 3 and table 4 are 
computer derived and offer all the re¬ 
quired information to build a practical pi 
network. The pi networks in table 3 for 
plate load impedances above 5000 ohms 
have increasing Q so that the transforma¬ 
tion ratio never exceeds the 70% maxi¬ 
mum. In addition, the inductors chosen 
for each of the designs are calculated for 
the highest frequency in the band. 
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table 4A. Pi-L network component values for 
matching a 50-ohm antenna load. Values have 
been chosen for a Q of 12 at the top edge of 
each amateur band. The image impedance (R3) 
has been chosen to provide a balanced trans¬ 
formation in the T section of the pi-i_ network. 
R1 is the plate load impedance. 
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The Q of the network at the highest 
frequency is 12 except when the plate 
load impedance is greater than 5075 
ohms. The chart shows the capacitance 
values required to resonate the network 
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67 

1.24 

288 

50 

12.2 

11 000 

21 .0 

8 

7.74 

45 

0.83 

288 

50 

12.2 

11000 

29.7 

6 

5.58 

31 

0.60 

300 

50 

12.0 

11500 

3.5 

53 

43.65 

315 

4.45 

241 

50 

> 3.4 

11500 

7.0 

25 

23.73 

135 

2.44 

280 

50 

12.4 

11500 

14.0 

12 

12.09 

65 

1 .24 

288 

50 

12.2 

11500 

21 .0 

8 

8.06 

44 

0.83 

288 

50 

12.2 

11500 

29.7 

6 

5.81 

30 

0.60 

300 

50 

12.0 

12000 

3.5 

51 

45.40 

306 

4.45 

241 

50 

13.4 

12000 

7.0 

24 

24.67 

131 

2.44 

280 

50 

12.4 

12000 

14.0 

12 

12.57 

64 

1 .24 

288 

50 

12.2 

12000 

21 .0 

8 

8.38 

42 

0.83 

286 

50 

12.2 

12000 

29.7 

5 

6.04 

29 

0.60 

300 

50 

12.0 


to the lowest frequency in the band 
(maximum capacitance), as well as the 
operating Q at that frequency, (n table 4, 
the image impedance (R3) at the lower 
frequency is also given. 



table 4B. Pi-L network component values for 
the 160-meter amateur band. Values were 
determined as in table 4A. 

A suitable coll for the L-network inductor 
consists of two inches of Air-Dux 1606T (6 
turns-per-lnch, no. 14 wire, 2” diameter). This 
inductor should be placed at right angles to the 
main pi inductor to avoid mutual Inductance. 
In the following chart, 7.125 would be slightly 
over 7 full turns, 2.875 Is slightly less than 3 
full turns. 

approximate 

band turns inductance 

80 11.000 4.43/1H 

40 7.125 2.43 JUH 

20 4.5000 1.23/iH 

15 3.500 0.83 JUH 

10 2.875 0.60JUH 


ni 

F 

Cl 

LI 

C 2 

L 2 

R 3 

R 2 

' Q * 

OHMS 

WZ 

PF. 

UH . 

PF. 

UH. 

OHMS 

OHMS 

QUAL. 

1000 

1 .8 

1 155 

10.08 

22 79 

8.90 

252 

50 

13 . 1 

1 000 

1 .9 

1047 

10 . 12 

1978 

8.90 

275 

50 

12.5 

1000 

2.0 

955 

10.16 

1729 

8.90 

300 

50 

12.0 

1250 

I .8 

9 24 

12.14 

2033 

8.90 

252 

50 

13.1 

1250 

1 .9 

838 

12 , 18 

) 7 64 

8.90 

275 

50 

12.5 

1250 

2.0 

764 

12.22 

1542 

8.90 

300 

50 

12.0 

1 500 

1 .8 

770 

14.17 

1850 

8.90 

252 

50 

13 . 1 

1 500 

1 .9 

6 98 

14.20 

1606 

8.90 

275 

50 

12.5 

1 500 

2.0 

63 7 

14.23 

1404 

8.$0 

300 

50 

12.0 

1 750 

t .8 

660 

16.17 

1708 

8.90 

252 . 

50 

13.1 

1 750 

I .9 

599 

16.19 

1402 

8.90 

276 

50 

12.5 

1 750 

2.0 

546 

1 6.22 

1296 

8.90 

300 

50 

12.0 

2000 

I .8 

5 78 

18.14 

15 93 

8.90 

252 

50 

13 . 1 

2000 

1 .9 

524 

18.15 

1302 

8.90 

275 

50 

12.5 

2000 

2.0 

477 

18.17 

1200 

8.90 

300 

50 

12.0 

2250 

1 . 8 

514 

20.09 

1497 

8.90 

252 

50 

13.1 

2250 

1 .9 

466 

20.10 

1299 

8.90 

2 75 

50 

12.5 

2250 

2.0 

424 

20 . 1 1 

1136 

8.90 

300 

50 

12,0 

2500 

1 .8 

4 62 

22.02 

1416 

8.90 

252 

50 

13.1 

2500 

l .9 

4 19 

22.02 

1229 

8.90 

275 

50 

12.5 

2500 

2.0 

3 82 

22.02 

1074 

8.90 

300 

50 

12.0 

2750 

1 .8 

420 

23.94 

1346 

8.90 

252 

50 

13.1 

2 750 

1 .o 

38 ) 

23.93 

1 1 68 

8.90 

275 

50 

12.5 

2750 

2.0 

347 

23.92 

1021 

8.90 

300 

50 

12.0 

J 000 

l .8 

385 

25.05 

1205 

8.90 

252 

50 

13 . 1 

3000 

1 .9 

340 

25.83 

11 15 

8.90 

275 

50 

12.5 

3000 

2.0 

3 18 

25.01 

9 75 

0.90 

300 

50 

12.0 

3250 

1 .8 

356 

2 7.74 

1230 

8.90 

252 

50 

13 . 1 

3250 

1 .9 

322 

27.71 

I 06 fi 

8.90 

275 

50 

12.5 

3250 

2.0 

294 

2 7.60 

933 

8.90 

300 

50 

12.0 

3500 

1 .8 

330 

29.62 

11 82 

8.90 

252 

50 

13.1 

3500 

1 .9 

299 

29.50 

1026 

8.90 

275 

50 

12.5 

3 500 

2.0 

2 73 

29.54 

097 

8.90 

300 

50 

12.0 

3 750 

1 .8 

308 

31.50 

1 138 

8.90 

252 

50 

13 . J 

3 750 

1 .9 

2 79 

31.45 

988 

8.90 

275 

50 

12.5 

3 750 

2.0 

255 

3 1.40 

064 

8.90 

300 

50 

12.0 

4000 

1 .8 

2 89 

33.3 7 

1099 

8.90 

252 

50 

13.1 

4000 

l .9 

2 62 

33.30 

954 

8.90 

275 

50 

12.5 

4000 

2.0 

239 

33.24 

834 

8.90 

300 

50 

12.0 

4250 

1 .8 

2 7 ? 

35.23 

1062 

8.90 

252 

50 

13.1 

425 0 

1 .9 

246 

35 . 15 

922 

8.90 

275 

50 

12.5 

4250 

2.0 

225 

35.00 

006 

8.90 

300 

50 

12.0 

4500 

1 .8 

257 

37.00 

1029 

8.90 

252 

50 

13.1 

4500 

1 .0 

233 

36.99 

893 

8.90 

275 

50 

12.5 

4500 

2.0 

2 12 

36.91 

70 J 

8.90 

300 

50 

12.0 

4750 

I .8 

2 43 

3 0.92 

999 

8.90 

252 

50 

13 . J 

4750 

l .9 

221 

3 0.03 

067 

8.90 

275 

50 

12.5 

4750 

2.0 

201 

30.73 

758 

8.90 

300 

50 

12.0 

5000 

1 .8 

231 

40.76 

9 70 

8,90 

252 

50 

13.1 

5000 

1 .9 

209 

40.65 

842 

8.90 

275 

50 

12.5 

5000 

2.0 

1 9 1 

40.54 

736 

0.90 

300 

50 

12.0 

5250 

1 .8 

220 

42.60 

944 

8.90 

252 

50 

13 .J 

5250 

l .9 

200 

42.47 

819 

8.*90 

275 

50 

12.5 

5250 

2.0 

182 

42.35 

716 

8,90 

300 

50 

12.0 


You will notice that the Q of the Pi-L 
network does not go up as fast when 
frequency is lowered as it does with the 


Rl 

F 

Cl 

Ll 

C 2 

L 2 

R 3 

82 

4- ■ 

0 

OHMS 

MHZ 

PF . 

UH . 

PF . 

UH . 

OHMS 

OHMS 

QUAL . 

5500 

1 .8 

2 10 

44.43 

9 19 

8.90 

252 

50 

13.1 

5500 

1 .9 

J 90 

44.29 

798 

8.90 

275 

50 

12.5 

5500 

2.0 

1 74 

44 . 16 

697 

8.90 

300 

50 

12.ft 

5 750 

l .8 

201 

46.25 

896 

8.90 

252 

50 

13.1 

5750 

1 .9 

1 82 

46.10 

777 

8.90 

275 

50 

12.5 

5750 

2.0 

166 

45.95 

680 

8.90 

300 

50 

12.0 

6000 

1 .8 

1 93 

48.07 

8 74 

8.90 

252 

50 

13.1 

6000 

1 .9 

1 75 

47.91 

759 

8.90 

275 

50 

12.5 

6000 

2 .0 

159 

47.75 

663 

8.90 

300 

50 

12.0 

6250 

1 .8 

1 85 

49.88 

853 

8.90 

252 

50 

13.1 

6250 

1 .9 

1 68 

49.71 

741 

8.90 

275 

50 

12.5 

6250 

Z .0 

153 

49.53 

<48 

8.90 

300 

50 

12.0 

6500 

1 .8 

1 78 

51.69 

834 

8.90 

252 

50 

13.1 

6500 

1 .9 

161 

51.50 

724 

8.90 

275 

50 

12.5 

6500 

2.0 

1 47 

51.32 

633 

8.90 

300 

50 

12.0 

6750 

1 .8 

1 7 ) 

53.50 

816 

8.90 

252 

50 

13 . 1 

6750 

1 .9 

155 

53.30 

708 

8.90 

275 

50 

12.5 

6750 

2.0 

141 

53 . 10 

619 

8.90 

300 

50 

12.0 

7000 

1 .8 

165 

55.30 

798 

8.90 

252 

50 

13.1 

7000 

l .9 

150 

55.09 

693 

8.90 

275 

50 

12.5 

7000 

2.0 

136 

54.87 

606 

8.90 

300 

50 

12.0 

7250 

1 .8 

159 

57.10 

782 

8.90 

252 

50 

13 . 1 

7250 

1 .9 

144 

56.87 

678 

8.90 

275 

50 

12.5 

7250 

2.0 

132 

5 6.64 

593 

8.90 

300 

50 

12.0 

7500 

1 .8 

154 

58.89 

766 

8.90 

252 

50 

13.1 

7500 

1 .9 

140 

58.65 

665 

0.90 

275 

50 

12.5 

7500 

2.0 

127 

58.41 

581 

8.90 

300 

50 

12.0 

7750 

1 .8 

149 

60.69 

751 

8.90 

252 

50 

13 . 1 

7750 

1 .9 

135 

60.43 

652 

8.90 

275 

50 

12.5 

7750 

2.0 

123 

60.17 

5 70 

8.90 

300 

50 

12.0 

8000 

1 .8 

1 44 

62.47 

736 

8.90 

252 

50 

13 . t 

8000 

1 .9 

131 

62.20 

639 

8.90 

275 

50 

12.5 

8000 

2.0 

1 19 

61.93 

559 

R .90 

300 

50 

12.0 

8250 

1 .8 

1 40 

64.26 

723 

R . 9 » 

252 

50 

13.1 

8250 

1 .9 

127 

63.97 

627 

8.00 

275 

50 

12.5 

8250 

2.0 

1 16 

63.69 

548 

8 . OP ! 

300 

50 

12.0 

8500 

1 .8 

136 

66.04 

709 

8.00 

252 

50 

13.1 

8500 

l .9 

123 

65.74 

616 

8.90 

275 

50 

12.5 

8500 

2.0 

1 12 

65.44 

538 

8.90 

300 

50 

12.0 

8750 

1 .8 

132 

67.82 

697 

8.00 

252 

50 

13.1 

8750 

1 .9 

120 

67.50 

605 

8.00 

275 

50 

12.5 

8750 

2.0 

109 

67 . 1 $ 

5 29 

8.90 

300 

50 

12.0 

9000 

1 .8 

128 

69.59 

684 

8.90 

252 

50 

13.1 

9000 

1 .9 

1 16 

69.27 

594 

8.90 

275 

50 

12.5 

9000 

2.0 

106 

68.94 

5 19 

8.90 

300 

50 

12.0 

92 50 

1 .8 

125 

71.37 

673 

8.90 

252 

50 

13.1 

9250 

1 .9 

l 13 

7 1.02 

5 84 

8.90 

275 

50 

12.5 

9250 

2.0 

103 

70.69 

5 10 

8.90 

300 

50 

12.0 

9500 

1 .8 

122 

73.14 

661 

8.90 

252 

50 

13.1 

9500 

1 .9 

110 

72.78 

5 74 

8.90 

275 

50 

12.5 

9 500 

2.6 

101 

72.43 

502 

8.00 

300 

50 

12.0 

9750 

1 .8 

1 19 

74.91 

650 

8.90 

252 

50 

13.1 

9750 

1 .9 

107 

74.53 

5 64 

8.90 

275 

50 

12.5 

9750 

2.0 

98 

74 . 17 

494 

8.90 

300 

50 

12.0 

10000 

1 .6 

1 16 

76.67 

640 

8.90 

252 

50 

13 . 1 

10000 

1 .9 

J 05 

76.28 

555 

8.90 

275 

50 

12.5 

10000 

2.0 

95 

75.90 

486 

8.90 

300 

50 

12,0 

10250 

1 .8 

1 13 

78.43 

629 

8.00 

252 

50 

13.1 

10250 

1 .9 

102 

78.03 

5 46 

8.90 

275 

50 

12.5 

10250 

2 .0 

93 

7 7.64 

478 

8.90 

300 

50 

12.0 

10500 

1 .8 

1 10 

80 . 19 

62 « 

8.90 

252 

50 

13.1 

10500 

1 .9 

1 00 

79.78 

538 

8.90 

275 

50 

12.5 

10500 

2.0 

91 

79.37 

4 70 

a .90 

300 

50 

12.0 

10750 

1 .8 

1 07 

81.95 

610 

8.90 

252 

50 

13.1 

10750 

1.9 

97 

81.52 

529 

8.90 

275 

50 

12.5 

10750 

2.0 

89 

81.09 

4 63 

8.90 

300 

50 

12.0 

11000 

1 .8 

105 

83.71 

601 

8.90 

252 

50 

13 . 1 

11000 

1 .9 

95 

83.26 

521 

8.90 

275 

50 

12.5 

11 000 

2.0 

87 

82.82 

456 

8.90 

300 

50 

12.0 

11250 

1 *8 

103 

85.46 

592 

8,90 

252 

50 

13.1 

11250 

l .9 

93 

85.00 

5)4 

8,90 

275 

50 

12.5 

11250 

2.0 

85 

84.54 

449 

8.90 

300 

50 

12.0 

ll 500 

l .8 

100 

87.21 

583 

8.90 

252 

50 

13.1 

11500 

1 .9 

91 

86.73 

506 

8.90 

275 

50 

12.5 

11 500 

2.0 

83 

86.26 

4 42 

8.90 

300 

50 

12.0 

11 730 

1 .8 

98 

88.96 

574 

8.90 

252 

50 

13.1 

11 750 

1 .9 

89 

88.47 

499 

8.90 

275 

50 

12.5 

It 750 

2.0 

81 

87.98 

436 

8.90 

300 

50 

12.0 

12000 

I .8 

ofi 

00.71 

566 

4.00 

252 

50 

13.1 

12000 

1 .9 

87 

00.20 

4oj 

8.00 

275 

50 

12.5 

12000 

2.0 

80 

89.70 

430 

8,90 

300 

50 

12.0 


pi network. Also, the Q remains the same 
for the pi-L for higher plate loads. 

In both table 3 and table 4 the 
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numbers for ten meters are for 29.7 MHz, 
the highest frequency in the band. This is 
because you need to know minimum 
capacitance values to reach this frequency 
in a five-band transmitter. 

effect of $wr 

A standing-wave ratio of 4:1 will 
affect the capacitance required at Cl by 
±10%, and at C2 by ±25%. If the swr is 
caused by capacitive reactance, the tuning 
and loading capacitors are on the smaller 
side, and if the swr is the result of 
inductive reactance, the loading and 
tuning capacitors must be larger. Keep 
this in mind when selecting component 
values for a transmitter so you will be 
able to compensate for an antenna that is 
not exactly matched to your transmission 
line. 

ssb and CW operation 

Table 1 shows that for a given plate 
supply voltage the plate load impedance 
is inversely proportional to the input 
power level. That is, 1000 watts at 2800 
volts represents 5000 ohms, while 2 kW 
at the same supply voltage is 2500 ohms. 
Pi network values for a Q of 12 for each 
of these impedances are shown below 
(capacitance in pF, inductance in pH): 


f 

R 1 

Cl 

LI 

C 2 

Q 

4.0 MHz 

2500 

191 

9.18 

1097 

12.0 

4.0 MHZ 

5000 

95 

17.38 

534 

12.0 


Note that the required inductance values 
are quite different. 

As an example of what you may 
expect under actual operating conditions, 
consider the 2-kW design above (9.18 pH 
inductor). At 3.5 MHz with 2 kW input, 
Cl is 252 pF, C2 is 1536 pF and Q is 
13.8; not too bad. However, if the input 
power is reduced to 1000 watts at 3.5 
MHz, Cl is 246 pF, C2 is 2287 pF, and Q 
reaches 27.0, increasing the circulating 
currents and heat losses in the network. 

These figures point out the problems 
you can run into when you use the same 
operating voltage and same inductor at 
different power levels. Fortunately, there 
are several things which the designer can 
do to minimize these problems. 


variable inductors 

There are various variable rotary in¬ 
ductors available on the market which 
allow the operator to select the proper 
inductance for 1000 watts CW at the 
bottom of a band as well as 2000 watts 
PEP ssb at the top. When compared to 
fixed inductors, these variable units are 
fairly expensive, and require a turns 
counter, further increasing cost. However, 
they are available in various inductance 
and current-carrying abilities, so they 
encompass practically any design require¬ 
ment* Also, using a variable inductor 
eliminates the need for a bandswitch. 

bandswitch 

The primary purpose of the band- 
switch is to change the tap on the 
tank-circuit inductor to one better suited 
for the band in use. However, there are 
several other important functions for the 
bandswitch: 

1. Used to switch input networks to 
match the 50-ohm output of the 
exciter. 

2. Changes taps on the second in¬ 
ductor in a pi-L network. 

3. Sometimes used to switch in addi¬ 
tional tuning/loading capacitance on 
the 80-meter band so smaller variable 
capacitors may be used in the circuit. 

Since you may wish to use a bandswitch 
in your power amplifier because of these 
additional uses, the variable inductor may 
lose some of its appeal.t 

tapping the inductor 

In a novel approach to this problem a 
ten-position bandswitch has been used in 


*A large selection of variable inductors is 
available from the E. F. Johnson Company, 
1848 10th Avenue, SW, Waseca, Minnesota 
56093. 

tA good source for excellent high voltage band- 
switches and variable capacitors is James Milien 
Manufacturing Company, 150 Exchange Street, 
Malden, Massachusetts 02148. Milien, unlike 
some manufacturers, is glad to sell to amateurs 
in unit quantities. 
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one design to select different amounts of 
inductance for the CW and ssb ends of 
the band. 4 However, the additional 
switch leads and the large number of 
inductor taps makes this approach seem 
impractical for the typical home builder. 

Table 5 compares the performance of 
1000- and 2000-watt transmitters, as well 
as a 2000-watt transmitter run at 1000 
watts input. In the latter case some 
additional losses are evident, but they're 
hardly large enough to cause much excite¬ 
ment. The same comparison shows that 
the 2-kW transmitter with a Q of 12 at 4 
MHz, has a Q of 16.2 at 3.0 MHz. 
However, considerably more capacitance 
is required at Cl and C2. The pi-L 
network will alleviate this problem to 
some extent as the Q of the pi-L does not 
increase as rapidly as frequency is 
lowered as it does with the straight pi 
network. 

Since the 80-meter band is proportion¬ 
ally wider than any other high-frequency 


amateur band, there is some merit in 
using an extra bandswitch position for 80 
meters. 5 While I have shown previously 
that this is not required, it would be 
beneficial because you could select the 
75-meter inductor for 4 MHz and 2-kW 
input, with the 80-meter inductor chosen 
for 3.7 MHz and 1-kW input. 

The primary advantage in such an 
arrangement would be the ability to add a 
second input network to match the ex¬ 
citer. Since the input networks have low 
Q (typically 2 to 3), they are quite 
broadband and are usually set to a fre¬ 
quency in the middle of the band. How¬ 
ever, it would be literally impossible for 
the same input network to work equally 
well on both 3.5 and 4.0 MHz, so it 
would be desirable to have one for each 
end of the band. From a practical stand¬ 
point, this might not be necessary because 
most operators have ample drive on CW if 
they are able to push the final to 2-kW 
PEP on ssb. 


table 5. Comparisons between a 1-kW transmitter, a 2-kW transmitter and the 2-kW transmitter 
operated at f-kW input. A frequency of 4 MHz was used, but other frequencies from 3 to 30 MHz 
should produce comparable results. (These calculations are computer derived for comparative pur¬ 
poses and only approximate actual operating conditions.) 


1 kW on 2-kW 



1 kW 

2kW 

transmitter 


Plate voltage 

2800 

2800 

2800 

volts 

Plate current 

357 

714 

357 

mA 

Plate load Impedance 

5000 

2500 

5000 

ohms 

Power input 

1000 

2000 

1000 

watts 

Tube output (typical) 

700 

1400 

700 

watts 

Power at antenna 

672 

1343 

647 

watts 

Transmitter efficiency 

67.2 

67.1 

64.7 

percent 

Network efficiency 

96.0 

95.9 

92.5 

percent 

Lost in LI (heat) 

27.9 

56.9 

52.6 

watts 

Circuit Q 

12 

12 

23.6 


Inductor Q (typical) 

350 

350 

350 


Frequency 

4.0 

4.0 

4.0 

MHz 

Antenna load 

50 

50 

50 

ohms 

Cl tuning capacitor 

95.5 

191.0 

187.8 

pF 

LI inductor 

17.38 

9.18 

9.18 

fJLH 

C2 loading capacitor 

533.8 

1096.9 

1703.0 

PF 

Cl reactance 

416.7 

208.3 

211.9 

ohms 

LI reactance 

436.9 

230.7 

230.7 

ohms 

C2 reactance 

74.5 

36.3 

23.4 

ohms 

Current in Cl 

4.49 

8.98 

8.83 

amps 

Current in LI 

4.73 

9.29 

8.93 

amps 

Current in C2 

2.46 

7.14 

7.70 

amps 

Voltage across Cl 2645.8 

2645.8 

2645.8 

peak volts 

Voltage across C2 

259.2 

366.5 

254.4 

peak volts 

Voltage on antenna 

183.3 

259.1 

179.9 

rms volts 

Current in antenna 

3.67 

5.18 

3.60 

amps 
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power supply voltage 

Since, as I just mentioned, most ex¬ 
citers have more than ample drive for 
1000-watts input on CW if they are 
capable of driving the final to 2000-watts 
PEP on ssb, it's desirable to include some 
sort of automatic swamping so the exciter 
can be run in a normal manner for both 
ssb and CW. Lowering the plate supply 
voltage on the final-amplifier tubes de¬ 
creases the plate load impedance required 
for a given input power level, therefore 
requiring more drive to reach this input 
power level. 

For example, if it takes 70 watts drive 
with 3000 volts on the plate to reach 
2000-watts input, then, depending upon 
the tubes used, it would take 70 to 80 
watts drive to reach 1000 watts input 
with a substantially lower plate supply 
voltage. At the same time, the voltage- 
current relationship has changed, lower¬ 
ing the plate load impedance to some¬ 
thing much closer to that which would 
give a Q of 12 with the same inductor. 

Also, the plate voltage must be 
lowered to retain the same Q with the 
same inductor at the same operating 
frequency. This voltage reduction can be 
determined from 

E2 = 0.71 (El) (11) 

where El is the original plate voltage for 
2000 watts input and E2 is the lowered 
plate voltage for 1000 watts input. For 
example, a plate supply of 2800 volts for 
2000 watts input must be changed to 
2000 volts for 1000-watts input at the 
same operating frequency and circuit Q. 
Actually, on 3.5 MHz, this would be 
perhaps 1800 to 1900 volts to provide a 
Q of 12 at 3.5 MHz (1000 watts input) 
using a 2-kW transmitter designed for a Q 
of 12 at 4.0 MHz. However, it is unlikely 
that you could get 1000-watts input at 
this plate voltage, even with 100 watts 
drive on a cathode-driven grounded-grid 
amplifier. 

tuning capacitance 

Table 3 and table 4 show that the Cl 
tuning capacitance becomes quite small 


table 6. Large value at Cl and smaller inductor 
cause the Q on ten meters to rise very rapidly, 
especially when running the transmitter at a 
lower power input which requires 5000 ohms 
plate load impedance. 


f 

(MHz) 

R1 

Cl 

(pF) 

LI 

(MH) 

C2 

(pF) 

Q 

29.7 

2500 

26 

1.24 

148 

12.0 

29.7 

2500 

32 

1.00 

210 

15.0 

29.7 

2500 

39 

0.84 

251 

18.0 

29.7 

2500 

45 

0.72 

300 

21.0 

29.7 

2500 

51 

0.63 

348 

24.0 

29.7 

5000 

26 

1.24 

234 

24.0 

29.7 

5000 

32 

0.98 

303 

30.0 

29.7 

5000 

45 

0.70 

437 

42.0 

29.7 

5000 

51 

0.61 

503 

48.0 


on 10 and 15 meters as the plate load 
impedance is raised. A typical 2000-watt 
transmitter might use 2800 volts on the 
plate, providing a plate load impedance of 
approximately 2500 ohms. This trans¬ 
mitter would require only 26 pF tuning 
capacitance to reach the top end of the 
10-meter band. 

Unfortunately, most modern rf power 
tubes designed for the 2000-watt level 
have output capacitances on the order of 
10 pF — this leaves about 16 pF for 
tuning, including stray circuit capa¬ 
citance. 

If you study the various air-variable 
capacitors available you will find that it is 
virtually impossible to find a variable 
capacitor that will provide the necessary 
spacing for this operating voltage as well 
as tune the capacitance range needed for 
both 10 and 80 meters. Also, you must 
keep in mind that ±10% leeway should be 
provided to compensate for any swr on 
the transmission line. 

As the plate load impedance increases, 
the situation becomes even more acute. A 
1000-watt transmitter with a plate supply 
of 2800 volts has a plate load impedance 
of 5000 ohms — on ten meters this means 
the tuning capacitor Cl is a total of 13 
pF. In this case you would probably have 
to delete Cl entirely from the circuit and 
let the capacitance of the power tube 
supply the necessary tuning capacitance. 
However, although this has been done, it 
is not practical. 
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Fortunately, there are several things 
you can do to help alleviate this situation. 
You can use a smaller capacitor and add 
fixed capacitance on 40 and 80 meters, or 
use two variable capacitors, switching in 
the larger one on the lower bands. The 
vacuum capacitor is another possibility 
because of its low minimum capacitance, 
often as low as 3 pF. You can also 
blunder ahead and use a too-large capaci¬ 
tor, allowing the Q to be higher than 
normal. 

Oddly enough, each of these different 
techniques is currently being used in 
commercial amateur-band power ampli¬ 
fiers. The vacuum variable provides the 
best answer to this problem, but it is also 
the most expensive {by a wide margin). 
However, the vacuum variable has many 
advantages worth considering if you are 
more interested in performance than in 
total cost. 

From table 6 you can see that the Q 
on ten meters goes up quite rapidly if too 
much capacitance is used at Cl. One 
currently available commercial amplifier 
uses 2800 volts at 2-kW input (plate 
impedance, 2500 ohms). For ten meters 
this calls for an input capacitor of about 
15 pF after the output capacitance of the 
tubes has been subtracted. However, this 
amplifier uses two 20-150 pF capacitors 
in parallel which are tuned in tandem 
with a geared arrangement. Thus, their 
minimum capacitance is about 40 pF, 
plus 10 pF added by the power tubes, 
providing a minimum input capacitance 
of more than 50 pF without any allow¬ 
ance for strays. 

Table 6 shows that this gives a mini¬ 
mum Q of 24.0 at the top end of the 
ten-meter band (around 25.5 at the 
bottom end). If the amplifier were used 
at 1000-watts input, the Q would be 
nearly 48 at the top band edge and over 
50 at the bottom! 

This amplifier would obviously lose 
substantial power output in the form of 
heat in the tank inductor, and proper 
tuning would be very critical. It would 
also have to be retuned more often as 
frequency was changed. 


This design is what I call the blunder - 
ahead method. In my mind, it would have 
been relatively simple for the manu¬ 
facturer to use only one of the two 
tuning capacitors on 10, 15 and 20 
meters, switching in the second tuning 
capacitor on 40 and 80. 

Another manufacturer does precisely 
this. He uses a dual-section capaci¬ 
tor — half is used for the three upper 
bands and the other half is added in 
parallel on 40 and 80 meters. This pro¬ 
vides normal Q for 2000 watts input on 
10 meters. It still gives Q in excess of 20 
with 1000-watts input, but that's really 
not too bad. This tuning system gives 
more than twice the vernier of the other 
system since the maximum capacitance 
on 20 meters, for example, is 120 pF. On 
the previous amplifier there is 300 pF 
available, even on 20 meters. The unit 
with the lower capacitance is far easier to 
tune on the upper three bands. 

One other circuit trick which can be 
used quite successfully is to use a dual¬ 
section variable, placing the two sections 
in series rather than parallel. This reduces 
the minimum capacitance to 10 pF or 
less. 


broadband power amplifier 

Many operators need special frequen¬ 
cies outside the five amateur bands for 
MARS or other purposes, and need a 
power amplifier which can be tuned up at 
any frequency in the range from 3.0 to 
30 MHz. Table 7 shows a pi-network 
design that gives continuous frequency 
coverage in five switch positions. A pi-L 
network for similar use is shown in table 
8. The pi-L is more broadband for a given 
Q variation, and requires substantially less 
output capacitance. Both designs are for 
2000 watts input with a 2800-volt plate 
supply, or 1000-watts input at 2000 
volts. 


component voltage ratings 

To determine the peak voltage across 
Cl you can use +he maximum dc plate 
voltage. This is noi precisely correct, but 
it's close enough. Normally you would 
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increase the voltage by at least 30% when 
selecting a capacitor to prevent arcing if 
the tank circuit is not perfectly reson¬ 
ated, and to allow for some oxidation if 
you use an air variable. 

There are several ways to determine 
peak voltage. If the power output is 
known at this point you can use eq. 12 to 
determine peak volatage: 

E pk = V 2PZ (12) 

where E pk is the peak rf voltage, P is 
output power and Z is plate load impe¬ 
dance. For example, in a 1-kW trans¬ 
mitter with 2800 volts on the plate, the 
peak voltage across Cl and LI is 2646 
volts. (The power output of class-B stages 
may be estimated at 70% of the input 
power as this gives some margin of 
protection and is suitable for this 
purpose.) 

The peak voltage on C2 can also be 
figured in a similar manner, except that Z 
in eq. 12 is the antenna load impedance. 
Power output may be estimated at 65% 
of the input. For example, if the output 
power is 650 watts (for a 1-kW amplifier), 
and the antenna load is 50 ohms, this 
represents approximately 254 peak volts 
across C2. Thus, for a 1000-watt trans¬ 
mitter, a 350-volt, 365-pF broadcast re¬ 
ceiver type capacitor could be used suc¬ 
cessfully. For 2000 watts input at 2800 
volts, the peak voltage across C2 would 
be 367 volts, and the broadcast-tuning 
capacitor would be too marginal. 

In the pi-L network the image impe¬ 
dance must be used when calculating the 
peak voltage across capacitor C2, and the 
voltage rating must be substantially 
higher than for the same capacitor in the 
pi network. For example, in a t-kW 
transmitter, the peak voltage across C2 is 
about 635 volts: for a 2000-watt ampli¬ 
fier the peak voltage is about 895 volts. 

component current ratings 

The peak voltage across Cl has already 
been determined, but to find the current 
through Cl, rms voltage is more useful. 
This can be found from eq. 13: 

Erm s =VPT (13) 


table 7. Pl-network component values for a 
broadband 3-30 MHz rf power amplifier match¬ 
ing a 50-ohm antenna load. This is accom¬ 
plished in five bands: 3.0-5.0 MHz, 5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 MHz and 
20.0-30.0 MHz. The Q is set for a minimum of 
12 at the top of each band. The 2500-ohm 
Plate load Impedance corresponds to a 
grounded-grid amplifier running 2000 watts at 
2800 volts, or a 1000-watt amplifier with 2000 
volts on the plate. 


Rl 

F 

C 1 

LI 

C 2 

R 2 

8 ' 

OHMS 

mz 

PF 

UH 

PF 

OHMS 

QUAL . 

2 500 

3.0 

433 

7.34 

2878 

50 

20.4 

2 500 

3.5 

317 

7.34 

2053 

50 

17.4 

2500 

4.0 

242 

7.34 

15 17 

50 

15.2 

2500 

5.0 

153 

7 ,34 

87 g 

50 

12.0 

2500 

5.0 

265 

4.32 

1764 

50 

20.8 

2500 

7.0 

134 

4 .32 

834 

50 

14.7 

2500 

7.3 

123 

4.32 

755 

50 

14.1 

2500 

8.5 

90 

4.32 

516 

50 

12.0 

2500 

8.5 

155 

2.55 

1034 

50 

20.8 

2 500 

14.0 

56 

2.55 

327 

50 

12.4 

2500 

14.35 

54 

2.55 

308 

50 

12 . i 

2500 

14.4 

53 

2.55 

3 05 

50 

12,0 

2500 

13.5 

94 

1 .67 

621 

50 

19.9 

2500 

21 .0 

38 

1.67 

225 

50 

12.6 

2 500 

21 .45 

37 

1 .67 

212 

50 

12.3 

2500 

22.0 

35 

(.67 

(99 

50 

12.0 

2 500 

20.0 

59 

1 .22 

3 83 

50 

18.4 

2 500 

28.0 

30 

1 .22 

176 

50 

13.0 

2500 

29.7 

26 

1 .22 

151 

50 

12.2 

2500 

30.0 

25 

1.22 

146 

50 

12.0 


where E rms is the rms voltage, P is the 
output power and Z is the plate load 
impedance. In the previous example of 
the 1000-watt transmitter with a 
2800-volt plate supply, the rms voltage 
across Cl is nearly 1870 volts. 

To calculate the current through Cl 
you must f irst determine the reactance of 
Cl (eq. 14) and calculate its impedance 
(eq. 15). The current is found from eq. 
16 . 


x r 

= Jp. 

(14) 

c 

Q 

Zci 

+ x£ 

(15) 

1 

_ ^rms 

z C i 

(16) 


However, since the resistance of a high- 
quality air-variable capacitor is very small, 
less than 1 ohm, for all practical purposes 
the impedance of the capcitor is equal to 
its reactance. Therefore, the current can 
be found from 

i = Ians. (17) 

x C i 
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As you can see in table 5, the current 
through Cl is much higher than you 
might think, with nearly 4.5 amperes 
flowing through Cl in the 1000-watt 
transmitter with 2800 volts on the plate. 
Most air variables and vacuum capacitors 
can handle this current easily, but you 
still must be careful when selecting fixed 
capacitors to pad the variables. Trans- 
mitting-type capacitors with high Q and 
good current-carrying capability are re¬ 
quired (such as the Centralab 850 series). 

The current through C2 can also be 
determined with eq. 17. However, when 
calculating the rms voltage across C2 the 
antenna load impedance must be used in 
eq. 13. Again, there is substantial current 
flowing through C2 — nearly 2.5 amperes 
in the 1000-watt transmitter. 

For all practical purposes, the current 
through inductor LI is equal to that 
through Cl. It is actually a little higher, 
and the following formula is reasonably 
correct for class B: 

l cc = 1.05Q o l p (18) 

where l cc is the circulating current, Q 0 is 
loaded circuit Q and l p is the indicated 
plate current. Eq. 18 is a close approxi¬ 
mation that compares favorably with 
answers derived from using complex 
vector analysis of reactive components 
used in rf circuits at resonance. 

inductor power loss 

To determine heat losses in the in¬ 
ductor, it is necessary to know the rf 
resistance of the inductor. Then you can 
use eq. 19 to find power loss. 

P = l 2 r (19) 

where I is the circulating current and r is 
the rf resistance. 

To minimize these losses, the inductor 
should be silver plated, as should all leads 
to the bandswitch. Power losses on the 
order of 30 to 100 watts are not unusual, 
even with low standing-wave ratios. The 
use of tubing is encouraged, particularly 
on the higher frequencies to provide 
better unloaded Q. 


table 8. PI-L network component values for a 
broadband 3-30 MHz rf power amplifier match¬ 
ing a 50-ohm antenna load. This is accom¬ 
plished in five bands: 3.0-5.0 MHz, 5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 MHz and 
20.0-30.0 MHz. The Q is set for a minimum of 
12 at the top of each band. The 2500-ohm 
plate load impedance corresponds to a 
grounded-grid amplifier running 2000 watts at 
2800 volts, or a 1000-watt amplifier with 2000 
volts on the plate. 


R 1 

F 

Cl 

LI 

C 2 

L 2 

R 3 

R 2 

'Q ' 

OHMS 

r *! H 7 

PF . 

UK . 

PF . 

UH . 

OHMS 

OHMS 

QUAL . 

250 ' Pi 

5.0 

300 

9 .00 

15)0 

3.90 

158 

50 

18.3 

25010 ! 

3.5 

292 

9.00 

10)5 

3.90 

1 97 

50 

16.0 

2500 

4,0 

228 

9.00 

717 

3.90 

242 

50 

14.4 

2500 

5.0 

153 

9.00 

400 

3.90 

350 

50 

12.0 

250 ! 0 ! 

5.0 

23 7 

5.29 

935 

2.29 

154 

50 

) 8.6 

250 ! PI 

7.0 

127 

5 .29 

39 1 

2.29 

253 

50 

14.0 

2500 

7.3 

11 * 

5 .29 

35 1 

2.29 

2 70 

50 

13,5 

2500 

0.5 

90 

5.29 

235 

2.29 

350 

50 

12.0 

25010 ) 

0.5 

13 ^ 

3.12 

549 

1.35 

154 

50 

18.6 

250 W 

) 4 . 0 

56 

3.12 

150 

1.35 

330 

50 

12.3 

25001 

14.35 

54 

3.12 

141 

1.35 

3 45 

50 

12.1 

2500 

1 4.4 

52 

3.12 

139 

1,35 

350 

50 

12.0 

2 5 00 

13.5 

B 5 

2 .04 

323 

.89 

165 

50 

18.0 

2500 

2 1 .0 

30 

2.04 

103 

.89 

325 

50 

12.5 

2500 

2 l .45 

36 

2.04 

97 

.39 

335 

50 

12.3 

2500 

22 .0 

35 

2.04 

9 1 

.89 

350 

40 

12.0 

2500 

20.0 

53 

t .50 

192 

.65 

1 83 

50 

16.7 

2500 

28.0 

29 

1 .50 

30 

.65 

315 

50 

12.7 

2500 

29.7 

26 

1 .50 

68 

.65 

3 45 

50 

12.1 

2500 

30.0 

25 

1 .50 

67 

.65 

350 

50 

12.0 


A suitable inductor for the L section of the pi-L 
network consists of two Inches of Air-Dux 
1606T (6 tums-per-inch, no. 14, 2 M diameter). 
It should be placed at right angles to the main 
pi Inductor to avoid mutual inductance. 


frequency 

number 

turns 

approximate 

inductance 

3.0-5.0 MHZ 

10.00 

3.90 jUH 

5.0-8.5 MHz 

6.75 

2.25 fJLH 

8.5-14.4 MHZ 

4.75 

1.33 /UH 

13.5-22.0 MHz 

3.50 

0.83/1H 

20.0-30.0 MHz 

3.00 

0.65 fJLH 


It may come as a surprise to find that 
the conductivity of silver is only slightly 
superior to that of copper. In fact, a 
silver-plated coil is little more efficient 
than a new tank coil made of copper. 
Copper, however, oxidizes, and the outer 
rf-current-carrying layer becomes less 
effective. On the other hand, silver de¬ 
velops a form of silver sulfide on its outer 
surface which barely affects its con¬ 
ductivity. Over a period of years the 
silver-plated coil will retain most of its 
original conductivity. 

safety 

An rf choke should be used at the 
antenna output of any pi or pi-L net- 
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work. This choke should be large enough 
to blow the overload relay (or fuse) in the 
high-voltage power supply if the dc block¬ 
ing capacitor should short out. This is the 
only backup protection you have to keep 
high dc voltage off the pi-network corn* 
ponents if the blocking capacitor shorts 
out. This rf choke also keeps any dc 
component off the antenna. 

RTTY and ssb 

Many amateurs are interested in RTTY 
as well as CW and ssb. Since RTTY is 
essentially 100% key down, it's quite 
hard on the various components in the 
transmitter. On ssb f the typical duty 
factor is 30% to 50%, depending on how 
much ALC and other compression you 
use. Typically, however, the average cir¬ 
culating current in the network is perhaps 
one-third of that for key-down operation. 

Table 5 shows that 2000-watts key- 
down gives comparable circulating cur¬ 
rents to that of the same transmitter run 
at 1000-watts key-down with the same 
plate voltage and same inductor. This is 
due to the higher Q that is being used. 
Because of the lower duty cycle of ssb, 
running a 2000-watt transmitter key- 
down at 1000 watts for RTTY is three 
times as hard on the transmitter as 
running 2000-watts PEP! This is rather 
startling, and indicates why some rf 
power amplifiers should not be used on 
RTTY, although they are perfectly suit¬ 
able for ssb at higher input power levels. 

Conversely, it follows that if a manu¬ 
facturer guarantees his unit to run in¬ 
definitely at 1000-watts key-down 
RTTY, that same transmitter should last 
forever at 2000-watts PEP ssb. Some 
manufacturers hedge if this specific 
question is posed to them. 

summary 

Using a 2000-watt rf power amplifier 
at the 1000-watt level for RTTY or CW 
poses certain inherent problems regarding 
heat and efficiency. High plate supply 
voltages raise the plate load impedance to 
the point where it may be difficult to get 
the minimum capacitance required for 


resonance on 10 and 15 meters. 

When building a high-power final am¬ 
plifier, consideration must be given to 
selecting components which will handle 
the voltage and currents encountered in 
the circuit. The formulas given in this 
article should make it relatively easy for 
the builder to predict what these voltages 
and circulating currents will be before he 
actually builds the amplifier. 

Computer-derived tables provide much 
data for the builder, and clarify many 
design points only hinted at in previous 
articles. I hope that the information 
presented here will be of benefit to 
anyone who builds or buys a final rf 
power amplifier. 
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CW or RTTY, whichever way you go, 

HAL HAS TOP QUALITY 

YOU CAN AFFORD! 


OTHER HAL PRODUCTS INCLUDE: 

ID-1 Repeater Identifier (wired circuit board) $ 75.00* 
ID-1 (completely assembled in 1V rack 

cabinet) ...5115.QQ* 

HAL ARRL FM Transmitter Kit $ 50.00* 

W3FFG SSTV Converter KH S 55.00* 

Mainline ST-5 TUKIt. S 50.00* 

Mainline AK-1 AFSK Kit . , S 27,50* 


HAL provide* a complete line of component*., *emi-conductor*, and 1C* to lilt practically any con¬ 
struction need Send 24* lo cover postage lor catalog with Into and pholos on all HAL products 
available. 

'Above prices do not include shipping costs. Please add 7SC on parts orders, $2.00 on larger hits 
Shipping via UPS whenever possible; therefore, street address required 

HAL COMMUNICATIONS CORP., Box 365 H , Urbana, Illinois 81801 


TOP QUALITY.. .WITH THE 
HAL 1550 ELECTRONIC 
KEYER. Designed tor easy opera¬ 
tion; perfectly timed CW with optional 
automatic ID for sending call letters, 
great tor DX and RTTY: TTL circuitry, 
transistor switching tor grid block, 
cathode keying. Handsome rugged 
crackle cabinet with brushed alumi¬ 
num panel. With ID,only 550,00; with¬ 
out ID, $65.00.* 


TOP QUALITY RTTY -., WITH THE HAL 
MAINLINE ST-6 TU. Only 7 HAL circuit boards 
(drilled G10 glass) lor all lealures, plug-ln 1C sockets, and 
custom Thordarson transformer for both supplies, 1157 
230 V» 50-60 Hje. Kit without cabinet, only $135.00; screened, 
punched cabinet with pre-drilted connector rails, $35.00; 
boards and complete manual, $19.50; wired and tested 
units, only $200,00 (with AK-1, $320.00).* 


TOP QUALITY.-. 

WITH THE HAL 

MKB-1 MORSE KEYBOARD. 

As easy as typing a letter—you get 
automatic CW with variable speed 
and weight, internal audio oscillator 
with volume and tone controls, in¬ 
ternal speaker, and audio output jack. 
Smooth operation; completely solid- 
stale. TTL circuitry using G10 glass 
boards, regulated power supplies, 
and high voltage transistor switch. 
Optional automatic ID available. As¬ 
sembled MKB-i. $275 00; In kit form, 
$175 00, * 


NEW FROM HAL —TOP QUALITY 
RVD-1002 RTTY VIDEO DISPLAY 
UNIT. Revolutionary approach to amateur 
RTTY . . . provides visual display of received 
RTTY signal from any TO, at four speeds (60, 66, 
75, and 100 WPM), using a TV receiver modified 
for video monitoring, Panasonic solid-state TV 
recelver/monllor, or monitor oniy T available. 
Complete, $525.00; Panasonic TV receiver/ 
monitor, 5160.00; monitor only, $140.00.* 


TOP QUALITY...WITH THE HAL RKB-1 
TTY KEYBOARD. Gives you typewriter-easy op¬ 
eration with automatic letter/number shift at tour 
speeds (60, 66, 75, and 100 WPM). Use with RVD-1002 
video display system, or Insert In loop of any tele¬ 
printer, lor fast and easy RTTY. Completely solid state, 
TTL circuitry using G10 glass boards, regulated power 
supplies, and transistor loop switch. Optional auto¬ 
matic ID available. RKB-1 assembled, only $275.00,* 


More Details? CHECK-OFF Page 110 
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I easy 

speaker driver module 


A compact, 
high-output, 
low distortion 
audio module provides 

an easy short-cut 
in the design 
of solid-state receivers 
and mobile equipment 



First introduced by Bendix a few years 
ago, the BHA-0001, BHA-0002 and 
BHA-0004 hybrid solid-state audio ampli¬ 
fier modules provide two watts, fifteen 
watts and five watts of audio output, 
respectively, to drive a 3.2-ohm speaker 
from a low-level, high impedance audio 
source. The 1972 Allied Radio Industrial 
Catalog lists these as "amazing space-age 
microcircuit modules each containing a 
complete audio amplifier, employing the 
latest thick-film construction and re¬ 
quiring fewer external components than 
monolithic partial amplifiers. Its simplici¬ 
ty permits easy assembly in less than one 
hour, even for those with semi-technical 
skills, thus saving endless hours of need¬ 
less drudgery." For those who have 
played with the typical complementary 
symmetry amplifier, as I have, you will be 
surprised to find out that you can place 
one of these devices down on a board 
with a few external capacitors and have 
your amplifier working within minutes 
without worrying about getting the bias 
and feedback figured out for that long 
string of dc-coupled transistors. 

I decided to try the BHA-0004, which 
provides a good amount of audio output 
(five watts) for a mobile rig. The rather 
high price, ($18.80 in single lots) was 
discouraging when I first looked at the 
catalog, but you only live once. Built as a 
module separate from the rest of the 
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receiver, you can use it over and over on 
new projects. 

I started thinking about possible uses 
for the unit. The list seemed almost 
endless. The circuit can be terminated at 
the input with a 3-ohm resistor and used 
as an audio booster for mobile gear with 
flea-power output stages. It can be used 
to drive one car speaker with many 
different radios. Each radio is fed to the 
module input through low-resistance pads 
in place of the existing radio's speaker. 
You can use it to drive an electronic siren 
or a speaker mounted under the hood of 
the car, or as the basis for an intercom 
system. Two of them make a stereo 
amplifier for an fm tuner. I have built 
quite a few fm receivers, using the 


the circuit 

The equivalent circuit for the device is 
shown in fig. 1. It is very similar to a 
circuit once promoted by Motorola for 
use with discrete transistors, using the 
2N4918 and 2N4921 complementary 
output transistors. Basically, the internal 
circuit of the BHA-0004 consists of 
dc-coupled transistors. Output transistors, 
Q4 and Q6, operate as class-B symmetri¬ 
cal amplifiers, driven by Q3 and Q5. Cl 
suppresses high-frequency oscillations. R9 
and RIO limit the output current that can 
be drawn through Q4 and Q6 from the 
external load. CR1 and CR2, in con¬ 
junction with R8, provide the voltage 
drop required between the bases of Q3 
and Q5 to prevent cross-over distortion. 



fig. 1. Equivalent internal circuit of the BHA-0004 audio amplifier, with external components added 
for understanding. 


Sprague ULN-2111A 1C limiter/detector 
and I am now starting to use this audio 
amplifier as a standard external module 
for my new receivers. The level from one 
of the fm detector ICs is perfect for 
driving these speaker amplifiers. 


If the bases of Q3 and Q5 were tied 
directly together, the emitter-base for¬ 
ward turn-on voltage of the two transis¬ 
tors would provide about 0.7 volt of 
reverse bias to the transistors, causing 
distortion, especially at low signal levels. 
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R5 and R6 provide a dc voltage to the 
biasing circuit for Q5 and 03. 

The easiest way to visualize the coup¬ 
ling from Q2 to the Q3 and Q5 pair is to 
see Q2 as a variable resistance in the 
bottom leg of a voltage divider consisting 
of R5-R6-CR 1-CR2-G2. In this way, Q2 
modulates the bias applied to both 03 


external capacitor to be connected to 
filter or decouple the bias circuit, 

A tap between R3 and R4 and one 
between R5 and R6 allow external capac- 
itors to be connected from the output 
back to the input of various stages. This 
feedback minimizes distortion and levels 
the frequency response. The input is ac 



Photo of the completed 
audio module on the 
p ri ntfid-circuit hoard. 


and Q5 and drives them. It is at this 
point, where Q2 drives complementary 
transistors Q3 and Q5 (opposite polar¬ 
ities), that the single-ended signal is split 
to push-pull for the output stage, R8 
provides compensation over the turn-on 
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fig, 2. Test circuit recommended by the manu¬ 
facturer. 


curve of CR1 and CR2. C2 suppresses 
parasitic oscillations. R7 acts as a load for 
Q1 ( the input transistor, which is directly 
coupled to the base of G2, RI through 
R4 provide dc biasing for the entire string 
of transistors by establishing the current 
flow through Qt at idle, A tap in the 
circuit between RI and R2 allows an 


coupled to the base of Qt, and the 
output is capacitively coupled to the 
load, usually a loudspeaker. The circuit is 
optimized for operation from the normal 
car battery voltage of 13.6 Vdc. Preset 
idle current and center voltage provides 
ideal operation over a wide range of load 
conditions. Notice the benefit of this 
circuit in not requiring an output trans¬ 
former. 

external circuitry 

The external! connections recom¬ 
mended by the manufacturer are shown 
in fig. 2, The values given were selected 
for hi-fi operation, though, and are un¬ 
desirable for amateur use in communica¬ 
tions circuits. If you want to operate the 
module for music reproduction, however, 
that is the route to take. The components 
shown also allow you to obtain full 
power output, but that was not a require¬ 
ment in the design which follows. Specifi¬ 
cations for the unit in this "hi-fi" setup 
are 5 watts output over the range 25 Hz 
to 15 kHz with an input of 20-mV rms. 
Distortion should be 1 % or less. 

Although the manufacturer states that 
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no heat sink is required for full-power 
operation at room temperature, I think it 
would be a good idea to cement a few 
aluminum fins to the ceramic top of the 
module for protection. Remember that a 
replacement is expensive if you exceed 
the limits a little bit. The fine print with 
the device tells you to consider heat-sink- 



fig. 3. Tha mod If ted circuit for compact packag¬ 
ing and communications work. 


ing for operation over two watts at 
elevated temperatures. The thing to re¬ 
member is that the unit itself generates 
some heat, and that heat will raise the 
ambient temperature if the device is 
operated in a package which allows no air 
circulation — a common method of pack¬ 
aging solid-state mobile gear. 

construction 

The circuit as modified for use is 
shown in fig. 3. There are three reasons 
for the modifications: to reduce the size 
of the assembled circuit board, to restrict 
the frequency response to the communi¬ 
cations range and to save the cost of 
unnecessary expensive parts. Basically, 
the values of all of the capacitors were 
reduced. An added component, a 0.1 -mF 
capacitor from the B+ line to the output 
line prevents high-frequency oscillations 
found in one of the breadboard models. 

*ln conjunction with this article, a limited 
supply of completely assembled and tested 
assemblies are being made available for $19.50 
postpaid. Contact Hamtronics Inc., 182 Bel¬ 
mont Road, Rochester, New York 14612. 
Please include remittance with order and allow 
two to three weeks for delivery. 


With the circuit shown, the sensitivity is 
not quite as great as with the manufactur¬ 
er's recommended circuit; however, it was 
felt to be adequate, especially in light of 
the high output normally available from 
the fm detectors in current use in 1C 
receivers. The modified circuit provides 
four watts output over the 350- to 
3500-Hz range with an input of 750-mV 
rms. No heat sink is required with this 
installation. The size of the circuit board, 
when assembled with the components in 
«». 3, is approximately 2 1/8x3 1/4 x 
1-inch high. This size works out nicely for 
mounting in many of the cases available 
to the home builder. 

There are really no secrets or tricks 
used in construction of the assembled 
circuit board.* Fig. 4 shows the basic 
layout I used. The board layout was 
based on readily available parts, and 
spacing was set up to allow substitution if 
necessary. I replaced the resistor from pin 
2 of the module to the 33-mF capacitor 
with a plain jumper. I found the resistor 
unnecessary. The only part at all out of 
the ordinary is the 150-mF capacitor. 



ffg. 4. Suggested layout for a printed-circuit 
board (not to exact scale). The layout Is very 
flexible and can be modified to suit the parts 
on hand. 


which is a vertically mounted type which 
happened to be available. A more stand¬ 
ard tantalum type (for small size) can be 
mounted in its place, without increasing 
the size of the board, by mounting it 
vertically with one lead folded over the 
side of the capacitor. 

ham radio 
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three-band 

high-frequency 

log-periodic antennas 


These three-band 
wire-beam log periodics 
for 20, 15 and 10 meters 

are inexpensive, 
easy to build 
and provide 
excellent performance 
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Log-periodic antennas offer a number of 
operating advantages to the amateur who 
wants consistent contacts over long dis¬ 
tances. Although there are several com¬ 
mercial rotatable high-frequency log 
periodics available on the market, they 
are large and complex, and home con¬ 
struction of a rotatable L-P is impractical 
for the average amateur. However, the 
same performance can be obtained from a 
light-weight wire log periodic which is 
fixed in one direction. 

The log periodics described in this 
article are wire beams, so they are low 
cost and easy to build. The log-periodic 
antenna shown in fig. 1 covers the fre¬ 
quency range from 14 to 30 MHz and can 
be used on the 10-, 15- and 20-meter 
bands. It can be erected in a 40- by 
50-foot space and provides a minimum of 
8-dB forward gain, a front-to-back ratio 
of 15 dB or more, and has low swr that is 
constant over each of the three amateur 
bands. 

Although log periodics can be designed 
to cover a 10:1 frequency range, they are 
quite large. For this reason the antennas 
discussed in this article are limited to 
fixed, non-rotatable types for 20, 15 and 
10 meters. 

Since all details of log-periodic theorv 
and design have been covered in previous 
articles, this data will not be repeatec 
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here.1,2,3 I have put up a number of 
fixed log periodics in various directions, 
and for different frequency ranges, in¬ 
cluding L-Ps for 20, 15 and 10; 20 and 
15; 15 and 10, and a big brute for 40, 20 
and 15. All the L-Ps installed so far have 
provided excellent on-the-air perform¬ 
ance. 

At my station these antennas are 
suspended from tall pine and cedar trees, 
with the elements 45 to 50 feet above 
ground. All were originally beamed south 
so I could evaluate their performance 
rapidly with the rather consistent band 
openings I have to South and Central 
America. 

The log-periodic antenna illustrated in 
fig. 1 has an apex angle of approximately 
36° (a=18°). If you want higher forward 
gain, and if space is available, the design 
in fig. 2 has a minimum gain of 10 dB for 
each of the three bands. However, its 
overall length is 100 feet. This antenna 
has been in use at my station for the past 
year, and has done an excellent job. 

When operating on 20 meters, using an 
ordinary dipole (at the same height as the 
log periodics), reports from South and 
Central America average S8 to S9. When I 
switch to the log periodic the signal 
reports usually improve to 20 dB over S9. 
In most cases the S-meter in my receiver 
confirms this. 

Although these reports seem to indi¬ 
cate gain greater than 10 dB, when 
compared to the dipole I use as a stand¬ 
ard, some of the apparent gain is prob¬ 
ably due to the lower radiation angle of 
the log periodic. Also, the theoretical gain 
of a log periodic is the result of line-of- 
sight tests on vhf and uhf antenna ranges, 
so they are not directly translatable to 
high-frequency performance. 

If you check the specification sheets 
for commercial log-periodic antennas, 
you will find that the manufacturers rate 
their 12- and 13-element log periodics at 
10 to 13.5 dB over average soil condi¬ 
tions. Front-to-back ratios are rated from 
14 to 16 dB. 


The lower radiation angle of the log 
periodic always results in higher perform¬ 
ance than that predicted by theory, par¬ 
ticularly on 20 meters. And, the longer 
the DX path, the greater the difference 
when compared with a dipole. 

Operational tests on 15 and 10 meters 
have not been as outstanding as those on 
20 meters, but most reports give at least a 
10 dB advantage to the log periodic. 

Reports off the back of the beam 
generally show a front-to-back ratio of at 
least 15 dB (also confirmed by my 
receiver S-meter). The front-to-back ratio 
is generally best on 20 meters, and 
slightly less on 15. The conditions on 10 
meters have been too erratic to make 
good front-to-back signal-level compar¬ 
isons. 

One of the big operating advantages of 
the log periodic is the apparent diversity 
effect on receive. This is particularly 
noticeable during conditions of severe 
fading. Even signals coming in from the 
back of the antenna often have less fading 
when compared to a dipole. Evidently the 
large size (large capture area) of the log 
periodic provides this effect. 

Since the log periodic is a broadband 
antenna it is well suited for operating on 
any frequency within the amateur bands 
it is designed for. The swr is low and 
nearly constant over the entire length of 
each band. Also, because of its broadband 
characteristics, there are no critical ele¬ 
ment or impedance-matching adjustments 
necessary after you put it up. 

theory 

According to log-periodic theory, the 
longest rear element must be at least 5% 
longer than one-half wavelength at the 
lowest desired operating frequency. For 
example, if the lowest operating fre¬ 
quency is 14.0 MHz (>2X=33.4 feet), the 
rear element must be not less than 35 feet 
long (33.4 feet + 5%). This element 
would resonate at about 13.3 MHz. 

The shortest front element should be 
45% to 50% shorter than one-half wave- 
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length at the highest operating frequency. 
With 29.7 MHz as the upper frequency 
limit of the antenna, the front element 
should be resonant at 44.55 MHz mini- 


would only require a space about 25 feet 
wide by 35 feet long. You could even 
build a rotary log periodic for 15 and 10 
meters on a 25-foot boom. 



flfl. 1. Three-band lof-periodic antenna for 20, 19 and 10 me ten provides approximately 10 dB 
forward gain. 


mum (29.7 MHz + 50%). 

For these reasons, a log periodic de¬ 
signed for 20, 1b and 10 meters should 
have a low-frequency cutoff of 12 to 13 
MHz; high-frequency cutoff should be at 
least 45 MHz. 

The log-periodic antennas shown in 
figs. 1 and 2, since they have the same 
number of elements, cost about the same, 
$35.00. However, this does not include 
support masts or feedline. This is not too 
bad for an antenna which provides 10 dB 
gain and performs equally well over each 
of the three amateur bands, 20 15 and 
10 . 

If you don't have the space for one of 
these large antennas, you can reduce the 
size by eliminating one of the bands. For 
example, if 20-meter operation is not 
required, the three rearmost elements can 
be deleted. This leaves a 9-element log 
periodic that performs admirably on 15 
and 10. The smaller, two-band antenna 


If 10-meter operation is not required, 
you can remove the three front elements, 
leaving 9 active elements for operation on 
20 and 15. This reduces the length of the 
antenna by about 6% feet. 

construction 

Since I use tall trees around my house 
to support the log periodics, weight must 
be kept to a minimum to gain maximum 
height. For the antenna elements, I use 
no. 15 aluminum electric fence wire 
which is available from Sears (catalog no. 
13K22065). This wire is very inexpensive 
at $8.70 for % mile of wire and is 
extremely light weight and easy to work. 
It has good strength and should also be 
suitable for rhombics and other long-wire 
antennas. 

Connections to the aluminum wire are 
made by winding no. 16 or no. 18 tinned 
copper wire around the aluminum wire 
for about one inch. The junction is then 
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covered with plastic electricians tape to 
keep out the rain and minimize electrol¬ 
ysis between the two dissimilar metals. 

All the center insulators used in my 


O 11.4 20.19 27.29 93.3 378 



fig. 2. This three-band log periodic provides 
nearly the same performance as the design 
shown in fig. 1, but requires slightly less space. 


log periodic were made from Lucite or 
Plexiglass sheet, 1/8- to 1/4-inch thick. 
After cutting and drilling, the center insu¬ 
lators cost about 20 cents each. These in¬ 
sulators are also used as spacers and string¬ 
ers for the open-wire feeder which runs 
down the center of the log periodic. For 
the three-band log-periodics shown in fig. 
1 and 2 you will need 12 center insulators. 

The end insulators are made from 
monofilament fishing line (40 to 50 lb. 
test). At the rear element, however, if 
you use two rear masts, Isolantite anten¬ 
na insulators should be used at the ends 
of the elements because the strain at this 
point is quite high, and may exceed the 
rating of the monofilament. 

The monofilament apparently provides 
more than adequate insulation for 
1000-watt transmitters. YV5DLT has ad¬ 
vised that he has experienced no break¬ 
down problems when using his SB-220 
linear at full output. The monofilament I 
used is Sears Catalog number 6KV32232 


(40 lb. test), which is priced at $1.88 for 
a 325-yard spool. 

installation 

The log periodic is suspended from the 
center with 3/16-inch nylon line (A in fig. 
4) and two side catenary lines (C in fig. 
4). The 3/16-inch, 800 pound test nylon 
line used for the A line carries most of 
the load and strain of the antenna, 
including the open-wire feeder and the 
center insulators. 

Before installing the antenna, string 
the center nylon line through the 14-inch 
hole at the top of each of the 12 center 
insulators. After the insulators are on the 
line, stretch the line between two posts 
about 60 or 110 feet apart (depending 
which log periodic you are building). The 
line should be at shoulder height so it's 
easy to work on. 

The first center insulator will support 
the longest element as well as the rear end 
of the center feeder. A knot is tied in the 
A line just in front of the insulator to 
keep it from slipping forward on the line. 
Make sure the other 11 insulators are on 
the other side of the knot. 



fig, 3. Insulators used in the construction of the 
log-periodic wire beams. Material is V4** Lucite 
or Plexiglass. 


Wrap several layers of masking tape 
around the nylon line to the rear of the 
first insulator. Leave a little space be¬ 
tween the tape and the insulator so it 
hangs freely from the nylon line. 
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Now, using a steel tape, measure the 
spacing to the second insulator. Secure 
this insulator in place with several layers 
of tape around the line on each side of 
the insulator. Be sure to leave enough 
space between the tape layers so the 


tape or plastic tape, which often loosens 
up. The masking tape hardens and keeps 
the insulators in their correct position. 

After the center insulators have been 
installed, assemble the parallel open-wire 
feeder by threading the two stranded 



fig. 4. The log-period wire beams are supported by three nylon lines: the center A line and the two C 
catenary side lines. 


insulator hangs freely on the center sup¬ 
port line. 

Continue along the center support 
line, measuring element spacing and in¬ 
stalling center insulators, until all 12 
insulators are correctly spaced and se¬ 
cured to the line. When spacing the 
insulators along the line it's a good idea 
to check the total spacing to make sure 
that no additive errors occur as spacing 
progresses. The total distance from the 
first insulator to the last should be 39.8 
feet for the log periodic in fig. 2. For the 
larger antenna in fig. 1 this distance is 
68.9 feet. 

I have found that masking tape will 
stand the weather better than friction 


wires (7/24 or equivalent) through the 
two number-2 holes in the center insula¬ 
tors. The parallel feeder wires are secured 
to the insulators with a few turns of no. 
18 wire as shown in fig. 5. 

The spacing of the center feeder does 
not appear to be critical. I have used 
spacings from 3/4 to 2 inches on different 
log periodics. Some of the commercial 
vhf-tv log periodics have center spacing 
up to 5 inches. No doubt this spacing 
could be used on high-frequency log 
periodic antennas, but the larger spacing 
would require more Lucite for the center 
insulators, and this would increase both 
cost and weight. 

When the center feeder is in place, cut 
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the 12 elements from a length of alumi¬ 
num electric-fence wire using the dimen¬ 
sions shown in the illustrations. Make the 
elements slightly longer, so there is sever¬ 
al inches of wire for attaching the mono¬ 
filament end inculators, and at least 8 



fig. 5. Lucite insulators are seeured to the 
center feedline with a few twists of no. 18 wire. 


inches for attaching the center insulators 
and connecting to the center feeder. 
Every other element is transposed as 
shown in figs. 1 and 2. 

Attach the 12 elements to the center 
insulators, starting at one end of the 
antenna and working toward the other. 
Leave the ends at the center disconnected 
for the time being. After all the elements 
are attached to the center insulators, 
install the monofilament end insulators. 

The two B lines are simply longitud¬ 
inal spacers to keep the elements parallel 
during assembly and at right angles to the 
center feeder. These lines can be 1 /8-inch 
or smaller since they carry no load 
(number 18 nylon twine, 165 lb. test, is 
satisfactory, and inexpensive at $1.85 for 
a 500-foot spool). 

Next, the elements are attached to the 
two C bridles or catenary lines which take 
most of the side load. For the C lines, 
1/8-inch nylon (375 to 500 lb. test) is 
suggested. This can be purchased at 
marine or hardware stores for about 3 
cents per foot. 

The center A line and the two C 
catenaries should be stretched tight, 
about 6 feet off the ground. When the 
catenaries are stretched into place they 
will appear as a large V, with the apex 


aimed in the desired operating direction. 
The A line should pass through the center 
of the V, bisecting it equilaterally. 

By suspending the complete antenna 
between the same supports that will be 
used in the final installation, but at six 
feet above the ground, it is easy to adjust 
the tension of the elements from the 
ground. 

The distance from the shortest ele¬ 
ment to the apex of the V should be 17.2 
feet (fig. 1) or 31.1 feet (fig. 2). Less than 
this will allow the front element to sag 
too much. 

Attach each of the elements to the 
catenaries with nylon twine, working 
from the shortest element to the longest. 
Use temporary knots, because it may be 
necessary to adjust the tension after all 
the elements are installed. Note that the 
six front elements usually fill the space 
between the B and C lines where the B 
line is adjacent to the C line. 

Starting at element number 7, the C 
lines will require more and more separa¬ 
tion to provide sufficient tension on the 
longer rear elements. 

At this point it may be necessary to 
adjust the spacing between the end insula¬ 
tors and the C lines so there is as little 
element sag as possible, but don't put too 
much strain on the nylon support lines. 
There will also be some fore and aft sag 
of the center A line due to the weight of 
the feeder, insulators and wire elements, 
but the antenna should now be starting to 
take shape. 

center feed 

The center feedline to each of the 
elements of the log periodic must be 
transposed as shown in figs. 1 and 2. I 
have tried two methods of doing this. On 
the antennas shown here each feeder is 
transposed 180° between each of the 
elements. This is the system usually used 
in the schematic representations of tha 
log periodic. 

With this method of feeding power to 
the elements, insulated wire must be used 
for the feeder. With high power, you 
might have problems with insulation 
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breakdown. Bare wire can be used for the 
feeders, but insulated transposition 
blocks are required between elements, 
adding both weight and cost. 

The second center feed method uses 
an open wire parallel feeder with criss¬ 
crossing wires to each of the elements as 
shown in fig. 6. This feed system is easier 
to build, and presents a neater appear¬ 
ance. 

feedline 

Most of the rotatable vhf and uhf 
log-periodic antennas proviously de¬ 
scribed in the amateur radio magazines 
have used 50- or 72-ohm coaxial feed- 
lines. 4 * 5 - 6 However, a coaxial feedline is 
not suitable for the high-frequency log 
periodics described here because the cable 
is much too heavy. For these antennas, a 
light-weight feeder is required. 

Normally, the log periodic is fed from 
the front (short-element) end. The input 
impedance at this point is about 30 to 35 
ohms, as measured with an Omega An¬ 
tenna Noise Bridge.* I checked several 
different log-periodics with the Noise 
Bridge, and all fell into the 30- to 35-ohm 
range. 

However, if the open center feed is 
extended to the apex, the input imped¬ 
ance increases to approximately 100 to 
300 ohms.s The open center feed oper¬ 
ates as an impedance transformer, and at 
a point that is an odd number of wave¬ 
lengths from the active elements on 20, 
15 and 10 (20 meters, element 2; 15 
meters, element 5; 10 meters, element 8) 
the input impedance remains fairly con¬ 
stant over each of the amateur bands. 
This point is within several feet of the 
apex. 

Since the input impedance of the 
antenna depends upon feed point loca¬ 
tion, several possible transmission lines 
may be used. Since the input impedance 
at the front element is quite low, one of 
the best methods of feeding the antenna 

*When using the Antenna Noise Bridge, the 
frequency dip normally exhibited by a sharply 
tuned antenna is completely absent with a log 
periodic because of its broad-band operation. 


is with tuned open-wire feeders, with an 
antenna tuning unit between the coaxial 
output of the transmitter and the 
open-wire feed-line. 

Although a coaxial feedline adds a 
great deal of weight to the antenna, and 
results in a sagging log periodic, it can be 
connected directly, through a balun, to 



fig. 6. The required feedline transposition is 
most easily accomplished with criss-crossing 
wires to each of the antenna elements. 

the front-element feed point. Tests here, 
with RG-8/U coaxial cable, indicate a 
fairly good match on 20, 15 and 10. The 
standing-wave ratio on the 14-MHz band 
ranges from 1.1:1 to 1.3:1 from one end 
of the band to the other. On 21-MHz, the 
swr varies from 1.3:1 to 1.7:1, and on 28 
MHz, the swr is from 2.0:1 up to 2.5:1. 

The swr on 10 meters is somewhat 
higher than that on the two lower bands, 
but it is still within tolerable limits, and 
on-the-air tests on 10 meters indicate very 
good performance. 

At my station neither the tuned 
open-wire feeder nor the coaxial cable 
were suitable for a permanent installa¬ 
tion. Since I use trees to support the 
antenna, the weight of the coax cable 
caused the antenna to sag too much, and 
valuable height was lost. Also, several of 
these antennas are several hundred feet 
from the station, so the cost of coaxial 
feedline is prohibitive. 

The long length of the feedline makes 
open-wire feeder impractical because of 
the large number of spacers to be in- 
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stalled, and the amount of work required 
to install the transmission line. 

For these reasons f tried 72- and 
300-ohm tv twin-lead. I tried the 72-ohm 
twin-lead first, connecting it to the trans¬ 
mitter through a short section of coaxial 
cable. For minimum swr (at the trans¬ 
mitter) I had to prune the length of the 
72-ohm feeder — by removing short 
lengths (about 1/8-wave at 28 MHz), and 
making swr measurements, I arrived at a 
feeder length which provided fairly low 
swr on each of the three bands. A 1:1 
balun between the twin-lead and the coax 
input didn't appear to make any dif¬ 
ference. 

When I tried out the 300-ohm 
twin-lead, connected near the apex, I 
used a 4:1 balun transformer between the 
twin-lead and the coax to my transmitter. 
This system worked quite well, and pro¬ 
vided good performance on all bands. 
Although tv-type twin-lead will not 
handle a kilowatt, it is adequate for the 
250 watts which I use. For higher power 
installations, transmitting-type 300-ohm 
twin-lead is available . 

With the 300-ohm twin-lead feedline, 
the swr on 14.0 MHz was measured at 
1.7:1, dropping to 1.5:1 at 14.2 MHz and 
1.3:1 at 14.35 MHz. On 21.0 MHz the 
swr was 2.2:1, increasing to 2.5:1 at both 
21.2 and 21.45 MHz. On ten meters, the 
swr was 2.2:1 at 28.0 MHz, dropping to 
1.9:1 at 28.5 MHz, increasing to 2.1:1 at 
29.0 MHz, and dropping again to 1.9:1 at 
29.5 MHz. When plotted on a graph, 
these swr figures result in pretty flat 
performance over each of the three ama¬ 
teur bands. 

summary 

Since the forward lobe of the log 
periodic is generally broader than that of 
a Yagi, it is quite suitable as a fixed, 
non-rotatable, gain antenna. When my 
antenna farm is completed, I will be able 
to cover the United States and several 
continents with six three-band log-period¬ 
ic antennas. Six dpdt relays will be used 
to connect the desired 300-ohm feeder to 
a 4:1 balun which is connected to the 


coaxial transmission line to the trans¬ 
mitter. 

These light-weight log periodics have 
been very durable. One has been up for a 
year, with absolutely no trouble. Three 
were up last winter and withstood two 
bad ice storms; they sagged a bit with the 
ice load, but as soon as the ice melted, 
they returned to their normal height. 
They have also withstood a couple of 
twisters which passed a block away, 
snapping a number of tall pines. 

If you like to build and test antennas, 
or are looking for DX and consistent 
contacts in a certain direction, I highly 
recommend the light-weight log periodics 
described here. At the present time I am 
working on two side-by-side log periodics 
pointing in the same direction. This 
should increase the gain by about 3 dB, 
to 13 dB for the two-antenna system. 

I want to thank all those who have 
been helpful in giving reports and running 
tests on the log periodics, especially the 
Central and South American operators, 
for their patience and accurate reports. 
Special thanks goes to YV5DLT in 
Caracas for the many tests over the past 
year, and the nearly daily schedules dur¬ 
ing the design and testing of these 
antennas. 
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RTTY distortion: 


causes 

and 

cures 


I Many amateurs who pursue RTTY go to 

great lengths with fsk demodulators, 
keyers, and related equipment to get 
near-perfect printouts. Nearly every in- 
5 novation is discussed, tried, and eventu- 
ally designed into RTTY stations. Pulse 
distortion, however, seems to be rarely 


Anomalies peculiar to 
transmitted and 
received RTTY pulses 
are analyzed, 
with suggested improvements 

to reduce 

printout errors 
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appreciated and often turns out to be the 
culprit causing many unnecessary print¬ 
out errors. 

When transmitting, it is the responsi- 
blity of the RTTY amateur to send a 
clean signal with near-zero distortion. 
Frequency-shift circuits must be designed 
with regard to this requirement; and 
key-boards, TDs, and other transmitting 
devices require careful adjustment. 

Distortion must also be considered in 
receiving circuits to minimize errors. This 
requirement applies not only to the de¬ 
modulator but also to the dc loop circuit 
and the adjustment of the teleprinter and 
reperforator. This article defines common 
distortion terminology and discusses 
some of its causes, remedies, and meas¬ 
urement techniques. 

definitions 



Pulse distortion occurs in two 
ways — by bias and end distortion . Each 
can have two polarities: mark and space. 
As shown in fig. 1, when a transmitted or 
received RTTY signal is compared with a 
perfect signal carrying the same informa¬ 
tion and referenced to the space-going 
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edge of the start pulse, the following is 
evident: 

a. Bias affects the mark-going pulse 

edges. 

b. End distortion affects the space¬ 
going pulse edges. 

Each type of pulse distortion is meas¬ 
ured in percent and defined over the 
range 0-100 (fig. 2). Note that the signal 
completely disappears as bias distortion 
approaches 100 percent. 

Distortion, D, can be expressed as 

D - 100B(AT) 

where B is the baud rate in units per 
second and AT is the time error in 
seconds of the edge in question as meas¬ 
ured from the correct edge location. 

sources of distortion 

Any circuit condition that imparts a 
delay to RTTY pulses acting on one 
polarity more than another will generate 
bias distortion. End distortion, in pure 
form, is rare since Its effect on a signal 
selectively leaves the start pulse intact 
and is thus usually accompanied by equal 
or greater parts of bias distortion. Here 
are some common examples. 
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fig. 1. Basic distortion types on the letter F. 


Inadequate open-loop voltage. When a 
teleprinter loop includes a large series 
inductance such as a selector magnet, the 
current response, which is the parameter 
that relates to the force applied to the 
selector armature, is distorted (fig. 3). 
Since the time constant AT is determined 
by dividing the inductance by the total 



loop resistance, the following approxi¬ 
mate relationship exists: 

D = 100B L/R = 100BLI/V 

where R = total loop resistance (ohms) 

L = inductance (henries) 

I = closed-loop current (amperes) 
V= open-loop voltage (volts) 

A typical selector magnet (L = 700 
mH) will generate (a) less than 2 percent 
of spacing bias when a 120 Vdc battery is 
used in a 60-mA, 45-baud loop, and 
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fig. 2. Degrees of marking bias. 

(b) nearly 15 percent of spacing bias 
when operated at 13.2 volts (the mini¬ 
mum amount capable of supplying the 
60-mA current through a 110-ohm coil). 

Keying relays. When properly adjusted, 
relays can be useful in controlling dc loop 
circuits. The inability to follow fast key¬ 
ing pulses instantaneously causes relays to 
introduce significant delay to RTTY 
pulses — but this delay need not generate 
bias distortion if applied equally to 
making and breaking events. 

Polar relays meet this requirement, but 
their use should be limited to cases where 
adequate instrumentation is available to 
keep the relays adjusted properly. Reed 
and mercury-wetted relays are suffi¬ 
ciently stable to requre no adjustments, 
but their selection must be accompanied 
by care in design since the make and 
break times of these relays almost always 
differ. Fig. 4 shows one way to compen¬ 
sate these devices. R1, Cl are selected to 
protect the contacts but may introduce 
some marking bias. CR1 protects the 
transistor from over-voltage when the 
relay coil is switched off. Increasing R2 
will decrease marking bias, while increas¬ 
ing R3 will decrease spacing bias. This 
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latter operation may require a higher A+ 
voltage or lower coil voltage. 

FSK keyers. Bypass capacitors are a 
requirement in the design of FSK keyers, 
but care must be taken to ensure that the 
dc time constants of the keying circuit 


keyboard 
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flg. 3. Spacing bias due to low loop battery 
voltage. 


are small compared with the signaling 
unit time (1/B). An FSK keyer that 
works fine at 60 wpm may present 
excessive bias distortion at 100 wpm. 

Transmitting contacts. Some transmitting 
contacts, such as the Model 14TD and 
Model 32, have accurate, distortion-free 
distributors when properly operated. 
Model 28 keyboards and TDs require 
careful setting of a single adjustment 
screw to eliminate bias and normally 
generate only minute end distortion. 
Models 14, 15 and 19-series keyboards, 
however, can generate large amounts of 
bias and end distortion when any of the 
six contact springs are improperly ad¬ 
justed, as shown in fig. 5. 

Speed error. The start-stop signaling 
system used in RTTY will tolerate 
nominal speed error. One way to look at 
speed differential is as if it were dis¬ 
tortion that gradually increases as the 
signal progresses toward the end of each 
character. A page printer, for example, 
will react to a perfect signal sent too 
slowly, as if that signal had a distribution 
of spacing bias and marking end dis¬ 
tortion. 

FSK demodulators. One of the most 
severe causes of distortion can be the 
FSK demodulator. In some cases some of 
this distortion can be traced to poor 
design or adjustment in input, channel, or 
low-pass filters. The designer, for ex¬ 
ample, may have paid too little attention 


to phase response and the filter will have 
excessive overshoot and ringing. These 
situations generally will produce bias dis¬ 
tortion, along with lesser amounts of end 
distortion, that are due to time constants 
and settling times in excess of one unit 
time (1/B). Such distortion often varies 
widely, depending on the characters re¬ 
ceived. 

receiving considerations 

The most limiting form of received 
distortion is generated by noise, interfer¬ 
ence, and signal fading. Each dB of 
improvement in this area calls for in¬ 
creased complexity and refinement. How¬ 
ever, an occasional error will occur even 
with the strongest signals. Since noise can 
occur at any point on the signal wave¬ 
form, a high probability of all types of 
distortion can be expected. To perform 
best with this random type of distortion, 
the receiving teleprinter should sample 
each signaling unit as close as possible to 
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fig. 4. One way to compensate a nonpolar 
keying relay. Similar techniques can be used to 
compensate a transistor-keyed selector magnet. 


its center. In practice, each receiving 
RTTY device must be adjusted for a maxi¬ 
mum, but balanced, response to each of 
the four pure distortion types. 

distortion test equipment 

Common test equipment can be used 
for a few distortion measurements when 
specialized equipment isn't available. A 
Model 15 keyboard may be adjusted, for 
example, with an overdamped vom as 
follows. 

Connect the vom across the keyboard 
in the low-ohms position to minimize the 
effect of the filter network. Adjust the 
ohms potentiometer for full-scale. Ob- 
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serve the 0 to 10-volt scale. Check that 
the meter reads 0 volts when the keyer 
contacts are open. Now turn on the 
motor and cause the clutch to engage 
steadily for repeated sending . Encode the 
BLANK symbol and adjust the stop 
spring for a reading of 1.92 volts. Now 
encode the characters E, LF, SPACE, CR 
and T, one at a time, while adjusting 
springs 1 through 5 for 3.26 volts. 

The Model 28 signal generators may be 
adjusted similarly by repeat sending of 
the character R and adjusting for a 
reading of 4.62 volts. 

A general-purpose oscilloscope with a 
triggered sweep may be used to analyze 
pure bias distortion; thus, it can be useful 
in adjusting relays. Model 28 contacts, 
and for resolving many other problems. A 
general-purpose scope is of little value, 
however, in the measurement of end 
distortion or bias in the presence of end 
distortion. This is because an ordinary 
scope won't synchronize on only the start 
pulse unless the sweep rate is adjusted for 
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fig. 5. Bias and and distortion on the letter J 
from a Model 15 keyboard with a misadjusted 
number 4 contact spring. 


one sweep per character, in which case 
the resolution is not sufficient to read 
distortion with meaningful accuracy. 

special-purpose test gear 

One of the best types of distortion test 
sets for RTTY received-signal analysis is 
the Western Electric 164C. This instru¬ 
ment has a special-purpose scope display 
calibrated linearly from 0 to 50 percent. 
The display is idle when no signal is 
present, and, after encountering a start 
pulse, a waveform generator causes seven 
horizontal linear transitions across the 
screen at the same rate in both directions 

(fig. 6). 


The vertical deflection plates are fed 
from the input signal through an RC 
network that causes a mark-going bias 
edge to appear as a pip above the scope 
centerline and a space-going end- 
distortion edge to appear as a pip below 
the line. Marking and spacing distortion 
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fig. 6. Typical waveforms for received distor¬ 
tion test sets of the type similar to the Western 
Electric 164C. 


may be determined by the sweep direction 
at the time of the distorted edge, as shown 
by the shape of the pip. Typical sample 
signals are shown in fig. 7. 

This type of instrument is ideal for 
setting up transmitting contacts, polar 
relays, and for optimizing demodulator 
design. Also, since it reads directly on any 
received message at either tape or key¬ 
board speed, it may be used to analyze 
received RTTY signals during normal 
station operation. 

test-message generator 

Another useful instrument is the test- 
message generator. The best of these will 
generate a complex message consisting of 
all possible characters, with switched 
capability for accurate generation of the 
four types of distortion. Some units, like 
the Teletype DXD-100, combine the 
ability to generate a fox message with 
continuously variable distortion to 100 
percent, with a stroboscopic display that 
may be used to adjust transmitting con¬ 
tacts. This instrument isn't very useful for 
received signal analysis, however, unless 
the incoming message is at tape speed and 
exactly at the same speed as the test set. 

These distortion-generating test sets 
allow optimization of receiving tele¬ 
printer equipment. The best procedure is 
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to print the test message while gradually 
decreasing distortion until perfect print is 
obtained for one or two lines. This 
procedure is repeated four times, once for 
each distortion type. The amount of 
tolerance to each distortion type should 
be logged, along with the position of the 
range finder on the teleprinter under test. 

The procedure described is repeated 
for several different range positions until 
the best balance of distortion tolerance is 
obtained. That range setting is then 
locked into the machine and the worst- 
case distortion tolerance evaluated. 
Machines not able to tolerate, say, at least 
35 percent of any type of distortion 
without errors at this final range setting 
may need adjustment or lubrication. 
Model 28 machines typically tolerate over 
40 percent of any type distortion. 

Many other types of distortion test 
sets are available. Some have peak-reading 
meter readouts; others have digital dis¬ 
tortion displays. Each can be a useful 
addition to the RTTY station. 

regenerative repeaters 

The regenerative repeater, once a 
troublesome vacuum-tube device, can 
now be built easily with only a few 



"And two large barrels, a coil of copper tubing, 
kerosene burner, two dozen jugs. . 


integrated circuits. Regenerative repeaters 
receive the incoming signal from the 
demodulator and regenerate a perfect 
signal, which is fed to the teleprinter. 
Since the highspeed ICs can sample 50 
percent of the time with great accuracy, 
generally no range adjustment is neces- 



fig. 7. Perfect signal (A). 25-percent pure 
marking bias (B). 25-percent spacing bias plus 
10-percent spacing end distortion (C). Demodu¬ 
lated signal received in the presence of noise, 
including random distortion peaking at 25 
percent (D). 


sary. These circuits can often be used to 
increase the distortion tolerance of the 
printer, while easing the requirement for 
accurate range adjustment on the tele¬ 
printer. 

Probably the most essential require¬ 
ment of a regenerative repeater is an 
accurate time base, stable with tempera¬ 
ture (preferably crystal controlled), and 
capable of jitter-free start-stop control. 
Where these conditions can be met, the 
regenerative repeater is well worth in¬ 
stalling as part of the FSK demodulator. 

conclusion 

The need for measuring and elimin¬ 
ating the various forms of pulse distortion 
have been around for as long as people 
have been communicating with Morse 
code. Telephone companies have 
elaborate test stations to maintain land¬ 
line telegraph systems. Many of the pro¬ 
cedures developed over the years can help 
make a science out of a situation that 
may have meant nothing but unexplained 
and irritating errors to many RTTY 
amateurs. 

ham radio 
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advanced 

divide-by-ten 

frequency scaler 


This simple 
10:1 prescaler 
will increase 
the frequency range 
of your counter 
to 300 MHz 


A ten-fold increase in the range of many 
frequency counters is possible with the 
use of the simple 10:1 prescaler of 
advanced design described here. 

Frequency measuring systems, some 
simple, some highly sophisticated, have 
stirred the interest of hams for many 
years, but never more enthusiastically 
than in recent years when digital fre¬ 
quency counters have become available. 
The usefulness of such systems in the 
ham shack and workshop has made them 
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exceptionally popular. Indeed, their pop¬ 
ularity has become so widespread that 
frequency counters are even available in 
kit form. 

Since becoming intrigued by frequen¬ 
cy-measuring counters about two years 
ago, I searched through the ham literature 
for articles on counters and counter 
accessories. 1 » 2 In addition, two Heathkit 
counters were closely observed and their 
frequency limits and sensitivity were care¬ 
fully noted.* K4EEU's divide-by-ten 
scaler, using four ICs, was constructed; 
when used ahead of the Heathkit coun¬ 
ters, it permitted measurements up to 
106-MHz. This appeared a worthwhile 
combination. In fact, it was a very happy 
combination which sufficed until Heath¬ 
kit came out with its preassembled 
80-MHz counters and a 175-MHz scaler 
kit. 3 

Then, dissatisfaction with the 
106-MHz setup quickly took hold. As an 
end result, a 9-digit counter was built 
which had an upper frequency limit that 
turned out to be 125-MHz. A search was 
then made for a better scaler to further 
extend this upper limit. 

My attention was drawn to Fairchild's 
9500 series high speed, emitter-coupled 


*While Heathkit advertises a frequency limit of 
"over 15 MHz," both counters measured well 
above 15 MHz, one reaching 25 MHz, and one 
reaching 30 MHz. 
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fig. 1. Logic symbol and 
connections to the Fair- 
child 95H90 1C used in 
the 300-MHz prescaler. 


logic (ECL) integrated circuits. Among 
them is their 95H90, a very high speed, 
temperature compensated, ECL circuit 
for frequency division. This is a 
divide-by-ten prescaler usable to about 
300-MHz. For the owner of a counter 
whose upper frequency limit is on the 
order of 25 to 30 MHz, such a prescaler 
would permit measurements in every am¬ 
ateur band up to and including the 
220-225 MHz band. The prescaler de¬ 
scribed here will do that and more. It 
should prove to be especially attractive to 
the vhf enthusiast. 

circuit 

Three prototype prescalers have been 
constructed using the Fairchild 95H90 
for ten-to-one frequency division. As con¬ 
structed (one hard-wired bread board and 
two one-sided foil circuit boards), their 
lower limits for sine-wave inputs were 
found to be between 6 and 9 MHz and 


their upper limits were between 220 and 
272 MHz. These variations are apparently 
due to slightly different construction 
techniques, types of component capac¬ 
itors used and possible variations in the 
ICs. All, however, were decidedly success¬ 
ful and exceedingly stable. 

Since the output is a square wave, the 
output will be accepted by practically 
any counter. In this connection, it should 
be noted that the output is deliberately 
made through a dc-blocking capacitor, a 
must if the divice is to be used ahead of 
the Heathkit counters whose inputs do 
not have one. 

The Fairchild 95H90 is a high speed 
ECL MSI device, designed specifically for 
the communication and instrumentation 
industries. All of the high-speed logic 
manipulations are "on chip." In this 
single, 16-pin, dual-in-line 1C package, 
frequency division by ten may be quite 
simply accomplished and at a lower over- 


TOP VIEW OF 95H90 



fig. 2. Complete schematic of the tO:1 prescaler, circuit In (A) Is for positive ground . Circuit in (B ) 
is for negative ground. For SO-ohm input, R1 = 60 ohms and R2 * 200 ohms. 
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fig. 3. Circuit-board layout for the prescaler is extremely simple. Layout In (A) is for positive 
ground; (B) is for negative ground. 


all cost than scalers using a multiplicity of 
ICs which divide by two, and then, by 
five. Although the 95H90 may be so 
connected to divide by eleven, and with 
other control logic a divide-by-N counter 
can be constructed, these uses are not of 
concern here; only the divide-by-ten con¬ 
nection will be considered. 

The 95H90 prescaler logic symbol and 
its necessary external components are 
shown in fig. I. A well-filtered and regu¬ 
lated 5-volt power supply is required. 
Resistors R1 and R2 set the input bias 
and are in the ratio of R2 equaling 
approximately three times R1. These 
resistors also partially determine the IC's 
input impedance, and are specified as 
R1= 1.34Z, and R2= 3.94Z. Thus, for a 
50-ohn input, R1= 67 ohms and R2= 197 
ohms. For practical usage, R1 may be 68 
ohms and R2 may be 200 ohms for an 
input impedance of 51 ohms. 

The schematic of the 10:1 prescaler is 
shown in fig. 2. Fig. 2A is for use where 
the positive supply voltage is connected 



to the circuit board foil (positive ground), 
while fig. 2B shows the connections 
where the supply negative is connected to 
the board foil (negative ground). Fair- 
child specifies the positive ground; how¬ 
ever, each connection (positive or nega¬ 
tive) has been tried on separate prototype 
boards with no discernable ill effects on 
the device's frequency limits. The nega¬ 
tive ground seems to be preferred by 
amateurs. Note that fig. 2 shows top 
views of the 95H90, in accordance with 
the practice of the 1C industry. 

construction 

Circuit-board layout, showing bottom 
views (foil side), are shown in fig. 3 The 
simplicity of these layouts should be 
readily apparent. For those who can 
make them, etched boards are ideal. 
Because of the circuit simplicity, how¬ 
ever, the prototype boards were made by 
first drawing enclosing lines on the boards 
with a marking pen and then gouging 
away the lines with a hand-held 
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fig. 4. Power supply for the prescaler provides 5.2 Vdc output. 
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hobby-type burr drill, a process which 
took about five minutes. For a neater job, 
lines may be readily removed on a drill 
press. 

In any event, the prototype method 
proved so acceptable that one of the 
original boards is now in permanent use. 
Fig. 3A shows the positive ground, while 



200 mA. Fairchild's 95H90 data sheet 
specifies a 5.2-volt supply. The power 
supply voltage tolerance should be held 
within plus or minus 5% of 5 volts. 

One prototype prescaler optimized at 
5.2 volts and another at 4.8 volts; how- 
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fig. 5. Simple preamplifier circuit increases sensitivity of prescaler. Peaking coil LI is 8 turns no. 26, 
5/32” diameter, air-wound, spread to cover 5/8” length. Circuit-board layout is shown to right. 


fig. 3B shows the negative ground. 

Half-watt resistors were used because 
of their ready availability. Quarter-watt 
resistors would permit an even smaller 
layout. Capacitors should be of the best 
quality. The .01 -fiF capacitors should be 
ceramic discs because these types offer 
lower impedances than other types. The 
large bypass capacitor (2 to 20 fif) 
should be a tantalum type. If a tantalum 
capacitor is not available, use a physically 
small electrolytic. 

In one prototype a 10-/iF, for¬ 
eign-make, electrolytic was used, along 
with Mylar-type .01-juF capacitors, with¬ 
out deterioration of more than a few 
MHz in the upper frequency limit. 

Note the protective diodes at the 
prescaler input; use the fastest diodes you 
can obtain. They are a cheap way to save 
a moderately-expensive 95H90.* 

A suitable power supply is shown in 
fig. 4. Ready availability of parts deter¬ 
mined its capacity, not the need for large 
currents. The prescaler draws less than 


ever, the standard supply is 5.2 volts and 
will service numerous ICs. Remember 
that the output voltage will equal the 
zener voltage minus the drop in the two 
transistors. Thus, with a 6.2-volt zener, 
the output will be 5.2 volts. 

sensitivity 

The sensitivity of the prescaler proto¬ 
types varied from approximately 130 
millivolts at 100 MHz to 240 millivolts at 
260 MHz. This is adequate for many uses. 
For greater sensitivity, however, a single 
transistor preamplifier may be added. A 
schematic of a wideband amplifier, using 
a 2N5179 transistor, which is suitable for 
use with this prescaler, is shown in fig. 5. 
Normal vhf construction practices, such 
as the shortest possible leads and ade- 

# When ordering the 95H90 1C, specify the 
Fairchild U6B95H9059x. Circuit Specialists, 
Box 3047, Scottsdale, Arizona 85257 has all 
the semiconductors for this unit in stock. The 
95H90 is $16.00, the 2N5179 is 50 cents, the 
HEP 704 (2N3055) is $2.50 and the HEP 175 is 
$1.35. Please add 35 cents for shipping. 
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quate decoupling, are needed* 

If this preamplifier is used with the 
prescaler, Rf in fig* 28 should be changed 
to 4700 ohms, and R2 should be changed 
to 1500 ohms. Preamplifier sensitivity 
will range from about 15 millivolts at 100 



fig. 6_ Post amplifier circuit for use only If 
counter hat insufficient sensitivity Or If 3 TTL 
Interface is required. 


MHz to about 100 millivolts at 220 MHz. 
All in all, a worthwhile addition. 

If your present counter is deficient in 
sensitivity, a simple single transistor 
post-amplifier may be added to the pre¬ 
scaler, Its schematic, using a 2N5771, is 
shown in fig. 6 for a negative-ground 
supply* However, a counter which would 
not respond to this prescaler is yet to be 
found. If, by chance, yours does not, it's 
high time to find out what is wrong with 
your counter. The amplifier shown in fig. 
6 makes an excellent interface if such is 
desired for connection to a following 
TTL device. 

This article could not be considered 
complete without expressing sincere 
appreciation for the valuable assistance 
and checking of the devices by Robert 
Melvin, W6VSV. \ am deeply grateful for 
his help and his enthusiastic support. 

references 

1. Bert Kelley, K4EEU, "Divide-by Ten Fre¬ 
quency Scaler/’ ham radio, August, 1970, page 
26. 

2. Kenneth Macleish, W7TX, "A Frequency 
Counter for the Amateur Station/" GST \ Octo¬ 
ber, 1970, page 15. 

3. Factory-built Heathkit 80-MHz counters 

include the model SM-1Q4A ($540) and the 
model SM-105A ($375). The Heathkit 

175-MHz scaler kit, model IB-102, sells for 
$112.95* 
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The result of over 25 years of two-way 
radio experience* Gives you , * * 

* 3 db + gain over 1/4 wave whip 
■ S db + gain for complete system 

communications 

* V.S.W.R. less than 1.3 to 1 

* Low, low silhouette for better 
appearance 

The fastest growing antenna in the com¬ 
mercial 2-way field is now available to Ama¬ 
teurs. It's the antenna that lets you HEAR 
THE DIFFERENCE, Easily and quickly ad 
justed to any frequency. Hi-impact epoxy 
base construction for rugged longlife. Silver 
plated whip radiates better. Handles full 100 
wattscontinuous* Models to fit any standard 
mount. Available as antenna only or com¬ 
plete with all hardware and coax. 

Get the full facts on this amazing antenna 
that brings signals up out of the noise . . 
provides better fringe area talk power. Write 
today for fact sheet and prices. 


So id with a full money back guarantee. 
You hear better or it costs nothing! 

also available * * . 

5 db Gain Antenna for 

420 440 MHz and 440 460 MHz 

Phased Colli near with same rugged construc¬ 
tion as Larsen 2 meter antennas and 5 db 
gain over reference 1/4 wave whip. Models 
to fit all mounts. Comes with instructions. 
Write today for full fact sheet and price* 


Larsen Antennas 


11611 ISLE. 50th Ave* 
Phone 206/695-5383 


Vancouver, WA 98665 
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repeater control 


with 


simple timers 


All-electronic timers 
provide reliable, 
simple and inexpensive 
repeater control 
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Repeater activity is increasing daily, and 
it seems that there is always need for one 
more repeater in town. Unfortunately, 
installing a repeater usually turns out to 
be quite a difficult project, and for every 
operational repeater on the air there are 
probably ten more that will never make 
it. The unfinished repeaters usually run 
into many roadblocks, one of which is 
the problem of designing and installing 
the necessary controls such as delay 
timers, three minute timers and repeater 
ID timers. 

From our experience, it appears that a 
lot of the repeaters today are using 
mechanical timers with their inherent 
disadvantages of high cost, inadequate 
reliability, large size and susceptibility to 
adverse environmental conditions. The 
timers described in this article were de¬ 
signed to provide a means for eliminating 
the roadblocks caused by using the con- 

Printed circuit boards for the repeater control 
unit are available from Alton Industries, 7471 
Thunderbird Road, Liverpool, New York 
13088. Drilled boards are $4.50, undrilled 
boards are $3.50. Included with the boards is a 
detailed schematic and board layout. Wired and 
tested units are available from the same source 
for $33.50. 
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ventional approaches to timers. These mg in a positive pulse across the 33-ohm 

timers are highly reliable, simple to build, resistor. This pulse is inverted to a nega- 

very inexpensive and can be connected tive going pulse by Q3. With the con- 
together to provide repeater control with- stants shown , the approximate timing 
out need for mechanical contacts. This cycle is two minutes and ten seconds. A 

article also shows the complete inter- 2N264 7 is a more desirable unijunction, 

connection of these timers to form a but the 2N2646s were on hand and gave 
repeater control unit. satisfactory performance. 

The two timers shown are based on In the circuit of fig. 1, the output 

the same principles; however, there is one pulse triggers a set-reset flip-flop which 

basic difference. The timer in fig. 1 will turns the timer off. The timer will be 


+ IZV *5V 



fig. 1. Basic timer to give one pulse after a given time interval. Ul is a 7400 1C. CR1 through CR4 are 
silicon diodes. Rt and Cl can be changed to provide different timing intervals. 


deliver one output pulse after a given 
time interval, while the timer in fig. 2 will 
deliver the output pulse before the time 
interval. In both cases, only one output 
pulse can occur for each time interval 
regardless of the number of input pulses. 
In both cases, the timing cycle will not 
repeat unless an input pulse is received. 

timer operation 

When power is first applied. Cl begins 
to charge through R1 until the emitter of 
Q2 reaches approximately 6 V. At that 
time the 2N2646 unijunction fires, result- 


started again by grounding the reset line 
of the S-R flip-flop. The timer reset is 
used to set the timer to its initial state. It 
will do this even if the carrier-operated 
relay is closed. Its main function is to 
reset the timer if it is not desired to 
complete the timing cycle. 

In the circuit of fig. 2, the output 
pulse sets the S-R flip-flop which then 
results in a +5 V level at pin 5 of the 
NAND gate U1B. In order to get an 
output from this timer, a zero volt output 
is required at pin 6 — this output can be 
obtained only when both inputs are at a 
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fig. 2. Basic timer to give one pulse before a given time interval. Other notes are the same as in fig. 1. 


+5 V level. As connected, U1A is an timing Interval. With this timer, an output 

inverter which has a zero volt output can occur only when the COR contacts 

when the input is open and a +5 V output are closed. Thus, if this timer is used for 

when the input is grounded. Therefore, an identifier, the ID will trigger only 

when the input is grounded, both inputs when the repeater is active. 

to U1B are+5 V, the output goes to zero . ... 

and the flip-flop resets. The resultant tinier app ications 

output is a pulse at the beginning of the The timer in fig. 1 can be used as the 



fig. 3. The complete repeater control unit. The gates are all parts of 7400 Integrated circuits. 
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three-minute timer for a repeater by 
selection of the proper value of Cl, The 
input can be the contact closing of a 
carrier-operated relay, while the output 
pulse can trigger a simple S-R flip-flop 
which will disable the transmitter. Thus, 
if the COR is on for longer than the 
specified interval, the transmitter will be 
timed out. This timer can also be used to 
provide a drop-out delay for the transmit¬ 
ter. In this case, the absence of carrier 
will trigger the timer and the resultant de¬ 
layed pulse will cause the carrier to drop 
out. 

The timer in fig. 2 can be used to 
trigger a repeater identifier. In this mode 
of operation, the ID will only go on at 
the beginning of a timing cycle. If the 
repeater has been inactive for longer than 
the timing interval, the ID will be keyed 
up when the COR is keyed, and the ID 
will be keyed every two minutes and ten 
seconds as long as the COR is keyed. The 
ID cannot be keyed unless the COR is 
keyed, thus eliminating the problem of 
the ID keying up the repeater when there 
is no activity, 

repeater control unit 

The interconnection of the timers to 
provide a complete repeater control with 
a three minute timer, a drop out delay 
timer and a repeater identifier timer is 
shown in fig, 3, The entire circuit as 
shown was used at the WA2ZVZ repeater 
until it was replaced recently by a com- 
mercial unit with telephone-line re¬ 
mote-control capabilities. The ID timer 
portion, however, is still in use. There 
have been no failures of this timer with 
temperatures ranging from sub-zero to 80 
degrees. The only phenomenon noticed 
was a decrease in the timing cycle 
amounting to about five or ten percent 
during extremely cold weather. 

The circuits presented in this article 
are reliable, simple to build and inexpen¬ 
sive. it is hoped that these circuits will 
help many repeaters become operational 
by overcoming some of the problems 
relating to timers and repeater control, 

ham radio 
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solid-state 


hang age circuit 


for ssb and cw 


A high performance 

solid-state 
hang age circuit 
for use with 
fet and mosfet 
rf circuits 
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In the rather distant past, when amateur 
radio operators depended upon a-m for 
communications, automatic gain control 
in the receiver was a simple matter. The 
negative dc voltage necessary for age was 
easily derived by sampling the output of 
the diode a-m demodulator. This negative 
voltage was fed to the grids of the rf and 
i-f amplifier tubes to maintain a constant 
detected audio level which varied only 
slightly as the signal faded or as various 
stations were tuned in, and was also used 
to control the S-meter. Due to the 
presence of a carrier, age circuits for a-m 
were relatively simple. Subtle factors such 
as attack and decay time could be com¬ 
fortably ignored. The CW gang, purists 
that they were, happily rode the manual 
rf gain control while they pounded brass. 

Single sideband brought an end to 
these happy days, and in the few cases 
where the local bfo signal did not pin the 
S-meter, the absence of a carrier during 
periods of no modulation caused S-meters 
to flop erratically. With the introduction 
of product detectors, which kept the bfo 
signal away from the age detector, gain- 
control circuits were used which per¬ 
mitted fast rise and slow decay of the dc 
output However, to hold the age level 
and receiver gain reasonably constant 
between voice syllables or code char¬ 
acters, the decay-time constant had to be 
so long that receiver gain did not respond 
quickly enough to signal-level changes 
experienced with fading signals or round¬ 
tables. 

A nearly ideal ssb and CW age circuit 
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was introduced by W1DX in 1957. 1 This 
circuit separated the age line from the 
"clock" which controlled the hold time. 
This development dubbed hang age, 
allows the age line to remain at a steady 
negative voltage following a voice syllable 
or code character; the "clock" counts off 
a predetermined time, after which it 
triggers a discharge circuit which rapidly 
restores the receiver gain to maximum in 
the absence of a signal. 

The W1DX circuit requires three 
diodes, one triode and a voltage step-up 
transformer along with some resistors and 
capacitors, and its power and space re¬ 
quirements are substantial. Nonetheless, 
it has been used to supply audio-derived 


AGC DISCHARGE FET 



OUTPUT - 



VOLTAGE 

(NEGATIVE) 

fig. 1. Basic solid-state hang age circuit and dc 
voltage levels at different times in the operating 
cycle. 


performance has easily justified the extra 
parts. Since a high-impedance age line is 
necessary for the hang circuit, it does not 
interface well with bipolar transistorized 
receivers unless a buffer amplifier is used. 

The recent popularity of field-effect rf 


table 1. Hang and discharge times for the circuit 
of fig. 1. Times are In seconds for resistance In 
megohms and capacitance in microfarads. Vp is 
the pinch-off voltage of Q1. 


V A 

hang time 

discharge time 

Vp 

CT5-T4) 

(T6-T5) 

0.5 

0.29 R1 Cl 

0.41 R 1 Cl 

1.0 

0.69 R1C1 

0.69 R1C1 

2.0 

0.98 R1C1 

1.1 R1C1 

4.0 

1.16 R1C1 

1.61 R1C1 

10.0 

1.29 R1C1 

2.40 R1C1 

20.0 

1.34 R1C1 

3.05 R1C1 

40.0 

1.36 R1 Cl 

3.71 R1C1 


and i-f amplifiers, particularly those using 
dual gate mosfets, has revived the high- 
impedance age line. The circuit described 
here is an all solid-state version of 
WIDX's hang age system which is small, 
inexpensive, requires no external power 
and can be used with either tube or fet rf 
amplifiers. It operates directly from the 
i-f strip, avoiding the minor difficulties 
which occur in many audio-derived age 
systems. 

basic circuit 

Fig. 1 shows the basic circuit and the 
dc voltages at various stages of its oper¬ 
ating cycle. When a signal appears at the 
i-f output at time T1, it is rectified by 
CR1, filtered by R2C2, and gated as a 
negative voltage onto the age hold capaci¬ 
tor C4, and the age line. Simultaneously, 
a negative voltage four times greater than 
the age level is developed across Cl which 
prevents Q1 from conducting. When the 
signal is removed at time T2, voltage V A 
rapidly drops to zero. However, the age 
line voltage, V c , does not drop because 
Q1 is off, CR2 is reverse biased and the 
age line has no dc return to ground 
(resistance to ground should be greater 
than 100 megohms for the circuit to 
work properly). Capacitor Cl begins to 
discharge through resistor R1, causing the 
gate voltage of Q1 to drop. Before Ql can 
conduct, however, the signal reappears at 
time T3, recharging Cl, C2 and C4. 

Following the disappearance of the 
signal at time T4, V A drops to zero and 
V c , the age level, remains constant while 
V B decays with the time constant R1C1. 
At time T5, the negative gate^source 
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voltage of G1 # V C -V B , has reached the 
pinch-off voltage of the fet, V p or 
^GS(off)' and Q1 conducts, discharging 
the age hold capacitor. The age line goes 
to zero volts in the time interval T5 to 
T6. 

Reviewing the operation of the circuit, 
CR1, R2 and C2 maintain a negative dc 


The circuit has an intrinsic threshold, 
below which weak signals and noise will 
not activate the age. The threshold level is 
approximately one volt, and is equal to 
the forward drop of CR1 (0.7 volt) plus 
Vp/4, (Vp is the pinch-off voltage of Q1). 
Although the hang and discharge times of 
the circuit depend slightly on signal level, 
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voltage, V A , which instantaneously fol¬ 
lows the envelope of the i-f signal. The 
age gate, CR2, allows the hold capacitor, 
C4, to charge up to the peak value 
developed across C2 and to hang at that 
value after the signal decreases in ampli¬ 
tude. The voltage quadrupler maintains a 
voltage V B , approximately four times 
V A , which biases Q1 into cutoff. Voltage 
V B rises very fast when a signal appears, 
but decays quite slowly after the signal 
disappears. This slow decay, with time 
constant R1C1, is the "clock" that con¬ 
trols the hang time (the interval T5-T4 in 
% 1). After the prescribed amount of 
"clock" time has elapsed, the age line is 
discharged if there is no signal, and the 
receiver returns to maximum gain. 

By properly choosing the RC time 
constants in the circuit, receiver gain is 
quickly reduced as a signal appears (no 
unpleasant thumps caused by slow attack 
time constants). The gain then stays 
absolutely constant between voice syl¬ 
lables or code characters (the S-meter 
doesn't even wiggle), but recovers rapidly 
enough after the hang time to follow 
fading signals or weak stations in a 
roundtable. 


the variations are scarcely noticed during 
operation. Exact values are given in table 
1 . 

practical circuit 

A working hang age circuit with a total 
parts cost less than $4.00 is shown in fig. 
2. Diode CR1 is the age detector whose 
attack time is controlled by Cl and the 
source impedance of the last i-f trans¬ 
former. For reasonable source 
impedances of 10k or less, the attack 
time is shorter than 10 psec. The decay 
time of the detected signal is also very 
fast, set by Cl, C5 and R1 to 250psec. 

The detected signal is gated onto the 
age hold capacitor, C6, through R4 and 
CRB with an attack time, R4C6, of 5 


table 2. Dc voltages for the circuit of fig. 3. 


test 

dc 

point 

voltage 

vi 

-30 Vdc 

V2 

+4.3 vac 

V3 

+ 3.3 Vdc 

V4 

+ 12 Vdc 

V5 

+ 1.0 Vdc 

V6 

+30 Vdc 
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msec. This keeps C6 from being charged 
up by large, short-duration noise spikes. 
A negative voltage is developed by the 
voltage quadruple^ CR1-CR4, Cl, C2, C3 
and R1; this negative voltage is applied to 
the age discharge fet, Q1. Resistor R1 
causes the dc voltages across Cl, C2 and 
C3 to decay with a 200-psec time con- 


CR4 and CR5 are particularly critical in 
regard to high back resistance. Most 
silicon computer diodes will work well, 
but conventional silicon detector diodes, 
silicon rectifiers or germanium diodes 
should not be used. The 1N914 types 
called for in fig. 2 are available at very 
reasonable prices.* 


*Va 



fig. 3. Hang age circuit with a-m and ssb/CW detectors, manual gain control and disable feature for 
use when transmitting. Transistor Q3 is a Motorola MFE3008 or RCA 40604. 


stant, allowing the quadrupler to recover 
quickly after removal of a signal. Hang 
time for ssb/CW operation is set at 0.7 
second by R2 and C4, and can be reduced 
to 9 msec for a-m operation by placing 
R3 in the circuit Age is removed by 
shorting C4, which keeps Q1 in con¬ 
duction at all times by grounding its gate. 

All diodes in the circuit must be fast 
recovery types. In addition, they should 
have low reverse leakage currents. Diodes 


The choice of an n-channel fet for Q1 
is considerably narrowed by the need for 
a device having a low pinch-off voltage. 
Most commercially available devices have 
rather large pinch-off voltages in the 3- to 
10-volt range. However, the Motorola 
2N5716, which is available from 

*1N914 diodes are priced at 16 for $1.00 from 
M. Weinschenker, Box 353, Irwin, Pennsylvania 
15642. 
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Motorola distributors for $.80, has a 
pinch-off range of 0.2 to 3 volts. In 
addition, the 2N5716 is rated for up to 
-40 volts on either the gate or the source 
with the drain grounded. Many other fets 
are breakdown rated at about half of this 
value, prohibiting their use in tube-type 
receivers where the age voltage can easily 
go -10 volts during normal operation, or 
where the output of the voltage quad- 
rupler applies -40 volts to the gate of Ql. 

expanded circuit 

Fig* 3 shows the basic circuit of fig. 2 
plus a number of features which add to 
the versatility of the hang age circuit. 
Table 2 lists the dc voltages which should 
be observed at the identified points. The 
cold ends of R2, R3, C4, C5 and C6 have 
been lifted from ground and connected to 
the wiper arm of R5 which feeds a 
negative bias to the gate of Ql, and, 
through R7 and CR5, to the age line. A 
drain current of less than one micro¬ 
ampere, flowing through R7, keeps Ql 
near cut-off. Resistor R6 should be 
selected to give -30 Vdc at point VI. 

This manual gain-control circuit is 
most useful since, along with reducing the 
gain of the receiver, it provides an age 
threshold. 2 If the S-meter reads the age 
bias in the normal manner, then its 
reading will increase as bias is manually 
introduced, and the threshold prevents 
stations weaker than the level indicated 
on the S-meter from operating the age 
circuit. 

The entire age line is put on stand¬ 
by during transmit with SI. Switch 
St removes the ground from R5 and, 
since R5 and R6 no longer act as a 
voltage divider, the full voltage, -V B , is 
applied to the age line. Since V B may be 
in excess of 40 volts, the breakdown 
rating of Ql, its dram is also biased to 
-V B during standby to prevent damage to 
the fet. Switching action may also be 
achieved by connecting a set of transmit- 
receive relay contacts in parallel with SI. 

Diode CR6 is the a-m detector and its 
output is filtered by C9, CIO and R11. 
The action of age rectifiers CR1-CR4 
would severely distort the detected a-m 


signal if they were connected directly to 
the i-f transformer secondary, thus the 
source follower Q2 is used to isolate the 
age circuit. 

A product detector, consisting of Q3 
and its associated components, is used for 
ssb and CW. The dual-gate mosfet isolates 
the bfo signal from the age detector , 
preventing age action in the absence of 
any signal. The capacitive divider. Cl3 
and C14, reduces the ssb/CW output to a 
level compatible with the output of the 
a-m detector. 

Zener diode CR7 reduces the supply 
voltage, V A , to a level suitable for Q2 and 
Q3. Resistor R17 should be chosen so 
that about 3-5 mA is drawn from point 
V A . If a 30 ± 5 volt supply is already 
available, it may be connected directly to 
the junction of R8 and R13. Then CR7 
and R17 are not required. 

installation 

Wiring of the circuit is non-critical 
except for the usual observance of reason¬ 
ably short leads in the portions of the 
circuit which carry rf. Various methods 
of feeding age voltage are illustrated in 
fig. 4. Existing receivers probably will 
require little or no modification to use 
these systems. The only precautions 
necessary are to keep the RC time con¬ 
stants small, being careful to use R and C 
values no greater than those shown, to 
preserve the rapid attack time of the age 
circuit. In all cases the S-meter amplifier 
should have dc gate or grid characteristics 
similar to the devices used for rf and i-f 
amplification. 

It is important to keep leakage resist¬ 
ance from the age line to ground greater 
than 100 megohms. Smaller values will 
discharge the line more rapidly than 
intended. The input impedance of most 
voltmeters is too low to measure the age 
voltage. The S-meter should be calibrated 
as a voltmeter if you want to measure the 
age voltage. 

The circuit shown will not operate 
with low-impedance bipolar-transistor age 
lines. Buffer dc amplifiers must be used in 
such cases or in situations where the age 
line must have a finite resistance to 
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ground. The design of such amplifiers is 
beyond the scope of this article, since 
each one must be uniquely related to the 
quiescent bias levels of the receiver it is 
used in. 

The circuit of fig. 2 is presently in use 


signals while scanning the band. The hang 
age system requires minimal space and 
power, and is inexpensive to build. Its 
use is highly recommended in new con¬ 
struction as well as in upgrading existing 
equipment. 
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e 

fig. 4. Typical age distribution systems for dual-gate mosfets (A), jfets (B) and vacuum-tubes 
(C). 


in my NC-125 receiver, while the system 
of fig. 3 is functioning in my KWM-1. 
Reception of ssb or CW is excellent, with 
smooth age attack and beautiful hang, 
followed by rapid recovery. It is impres¬ 
sive to watch an S-meter hold rock steady 
in the presence of a signal, yet quickly 
follow fading or the strengths of different 
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MK-I mobile mi lit IS 

A L DRAKE 

2A Rc<t i *er II59 

2AQ (pltr. QhmuIu 25 
2AC Calibrator 9 

20 Receiver 189 

2C fle« irtl 189 

SCQ kciLt. Q'imjit. 29 
2NB Nqis.f Blanker 15 
MS -4 Speak n 15 

5C-6 6m cottventf 49 
CPS-1 Supply 12 

SCC-I VHF ca>ib. 19 
DC-4 DC supply 95 
RV4 fttniQlr VFO 69 
T -4X TrinkmiKir 299 
2NT TttnsmlUer 109 
L-4& Linear 595 

MN 4 Matcher 59 

TC-6 6m Kmu.cohv. 179 
F F-I xtal cam .adapt. J4 
5NB Blanker 49 

ML-2 2m FM X C vr 225 

DYCOH 

500C Amplifier $ 49 
I D-D Amp hirer 139 

ElCQ 

730 Modulator * 39 

753 SSB Xcvr 129 

751 AC *uppty 49 

752 DC supply 49 

717 Keyer 49 


Elm AC 

AF -67 Trflnimitttr S 49 


PMR B Receiver 79 
PSR-612 DC supply 19 

GLOBE .'CAL A JtT W ft L 
LA I Lrnear Xmtr 1 49 
Hr-Bander 62 89 

SB-175 $SB Xmtr 59 
VX-I VOX 9 

Giluy V Xevt 239 

Ga|«sy V Mk If 259 

GT -550 Xcvr 129 

AC li AC Supply 65 

DC-35 DC supply 69 

AC-400 AC supply 75 
G -500 DC supply 75 
VX 35 VOX 15 

SC 15 Speaker 15 

DAC 15 DI*,ConirrI t ft? 

VX-3SC VOX 19 

F-3 JOOcy, filler 24 


2OO0 Linear tupply 275 
Economy DC supply 39 
PSA 63 AC supply 15 
SC-530 spkr .terns pie l? 
SC-550 spfci.com&lr IS 
AC-210 AC supply 25 


CAL-25 calibrator 19 

CON SET 

C-omm 1 ?m 1 75 

Cprnin I 6m 59 

Ctwm 11 6m 79 

CflHm 11B 6m 89 

Conun til 2m 109 

Comm IV Jm 169 

Comm IV 6m 149 

H9. 2. 6m VFO 39 

6m Lrnpar II 59 

G 50 Xevr 169 

901A AC Supply 39 

Thm Fik 19 

G’76 DC supply 49 

GSR-tOO Xmtr 169 

G5B-20I Linear 199 

GC-fffi 2m Xcv» 129 


972A I BO* Cumtipn 189 
2m Ampin iei 

HALUCR AFTERS 

SX-62A Receiver -1169 
mod. w Tunint eye 


SX 6IA Receive! 219 
5-85 Receiver 69 

SX-IDf Mk III ftec, U9 
SX-10LA Receiver 189 
5X-IIQ Receiver 99 
5X-ril Rece-vei 129 
5X-117 Receiver 199 
S-120 Receiver 39 

SX422 Receiver 239 
SX-130 Receiver 139 
5X-146 Receiver 175 
$-200 Receiver 69 

WR-600 Receiver 49 
R-47 Speaker 9 

R 50 Speaker 15 

NT-3 2 Transmit ict 209 
MIT-37 Ti an emitter 189 
HT-40 i Trent mi ner 49 
HT-41 Linear 175 

HT 44 Transmitter 199 
HT 46 Tr A hi muter 219 
FIT-45 Linear 269 

SR- 1 50 Xcyf 289 

SR 160 Xcvi 169 

PS-f$CH20 AC sup. 75 
PS-150-12 DC 4 up. 75 
SR 400 Xcvi 519 

HA-6 Trintvertei 09 
R 26 AC supply 45 
SR 42 2m Xcvr 89 

SR 42A 2m Xcvr 119 
MA 26 ]-6m VFO 39 
HA-I Ktyer 59 

WAHMAftLUND 

HQ-IOOC Receiver $109 

HQ I MAC Rec. 149 


HQ I I 0 Receiver 11 9 
HQ 11 OC Receiver 129 
HQ IIOAC Ret, 169 
HQ-HSC Receiver 149 
HQ t70C Receiver 169 
HQ ■ f 7GA R ece i vei 209 
HQ I 7GAC Receive! J19 
HQ-I ?QA VHF 259 

HQ 17GAC VHF 269 
HQ I70AC vM.ihnpue 

imunun 299 

HQ iiflOC Receiver 239 
HQ-I0WC Rec. 339 
HQ 215 Receiver 249 
$ 200 Speaker 15 


HEATH 

CR 54 Receiver S 59 

Gfi 78 Receiver 99 

HR 106 Receivyi 69 

HR JO Receiver 69 

SB-100 Receiver 219 
SB 301 Reci.vet 229 
XC6 6m conv. 25 

S0A-300-4 2m conv. 19 
SBA 300 3 6m ennv. 13 
HS-24 Speaker 9 

QF-I Q -multiplier 9 
HD 11 Q-multiplier 15 
DX 60 Transmitter 59 
OX 60b Transmitter 69 
OX 100 Trantmiiter 89 
TX, I T rani miner 99 
SB 10 SSR adaptor 75 

HX IQ Transmitter f09 
HA IQ Linen 175 

HX 20 transmitter i25 
HX 30 6m Xmtr 149 
HA 20 6n Linear 89 
m 12 75m Xc vi 85 
HW |2A 75m Xcvr 95 
Htt 22 40m Xc vr 85 
WW 12 20m Xcvr 85 
HW-32A 20m Xcvr 95 
HW 100 Xcvr 249 

SB 400 Transmitter 275 
SB 401 Transmitter 249 
SB 220 Trans mi tier 349 
SB-620 Scanalyiec 119 
SB 630 cont. mprntev 7 L 
HW-2D 2m AM Xcvr 169 

ha-JO rtwo cii 39 

VHF I (Senecaj (39 

HP-10 DC supply 24 

HP 13 DC supply 49 

HP 20 AC Supply 24 

HD-20 Calibrate* 12 

HRA 10 I Calibrator B 
HMlQ GDO 24 

GD 125 Q'miiltiplier lS 
SB3lQS*Lpet. 229 
SB 103 Recerver 299 
IG 42 Lab Gen, 49 
HWA-I 7-2 FM *miE 

Ada pt« 25 


HEWLETT PACKARD 

HP 4100ft rack 

mouni VTVM t 99 


HUNTER 

22 Station Centrpi $ 79 


t C £ 

FDAM-3 6m Xcvr $ 89 

JOHNSON 

Navigator $ 79 

ftan|«r 1 Ef9 

ftancei II 139 

Valiani IE IB9 

55tt Adaptor 175 

Pacemaker 149 

Invader 2Qtt> 495 

Courier Linear 139 

6 IN 2 VHF Kmti E9 

6N2 VFO 29 

MODE Datiftei-Handall 

Scrubber 1 49 


AMATEUR ELECTRONIC SUPPLY 

4829 West Fond du Lac Ave. Milwaukee, Wis. 53216 

Phone i4 M) 442-4200 

HOURS: Mon S. Ffi 9 -9; Tues Wed & Thurs 9-5:30: Sat 9-3 

CLEVELAND Area Hams may muh to Visit; put Branch store located at 
17929 Euclid Avenue, Cleveland. Ohm. Ph. 486-7330. Pelt Smilh, Mgr. 
ALL Mail Orders and Inquiries should be sent to our Milwaukee store 


KNIGHT 

R 100 ftBce.*ef 

S 59 

T'60 Irani muter 

34 

LAFAYETTE 

HE 45A, 6m AM Xcv 

175 

390 Slarllnie Xmtr 

59 

HE-30 Rece-ver 

49 

HOlLEY 

CM. | fteceivef 

1 99 

national 

MC 6* Receiver 

$ 39 

NC -9& Receiver 

89 

NC109 Receiver 

99 

NC-155 Receiver 

It? 

NC 300 Receiver 

125 

t*C 303 R ecu vet 

199 

HRQ-50T1 Receiver 

125 

HRQ60 Receiver 

199 

HRQ-5U0TS Spcakei 

1 25 

HCX 5 Xtvr 

329 

NCX-5 Mk II Xcvr 

37? 

NCXA AC Supply 

75 

VX SOI Remote VF0125 

HCL 2000 Lmem 

375 

PAH 

LA-40OC Liner 

$ 69 

POLY TRONIC! 

PC 2 2m Xcvr 

1139 

PC-62 4 2m Xcvr 

225 


RHE 

4300 Receiver 

1 89 

4350A Receive* 

109 

6900 Receiver 

175 

VHF-126 Cotivrftef 

69 

fl E AL 1ST 1C 

DX I5QA Receiver 

S 89 

REGENCY 

HR 2 2m FM Xcvr 

116? 

AR-2 ?m Amphl ier 

6? 

SB E 

SB-H Xtvr 

$18? 

SBt-LA Lrnear 

IJ9 

SB 34 Xcvr 

269 

SINGER 

PR 1 Panada pent 

$ 69 

SWAN 

TCU control unH 

1 69 

3 70S Xcvr 

329 

400 Xcvr and 

420 VFO 

269 

406 VFQ 

59 

410 VFO 

85 

4tOC VFO 

95 

508 VFO 

95 

350 Xcvrfearly l 

249 

350 Xcvr (late f 

289 

500 Xcvr 

349 

500C Xcvi 

369 


E17XC AC supply 80 

23CXC AC supply 90 

E4C DC module 49 

E4X DC module 4$ 

117X Basic AC tup, 65 
117B AC supply 65 

250 6m Xcvr 239 

210 VFO 95 

Ftork fiB Linear 449 

TV 2 2m Xverrer 109 

TEMPO 

DC One DC supply $ 75 

TEN-T6C 

Ar(unaut X cvr $ I 99 

210 llvdc supply 19 
PM JA Xcvr 49 

RX-IO Receiver 45 


TRIO 

JR.-3M) Receiver 1129 

UTICA 

650 6m Xcvi VFQ $ 59 
65QA 6m Xtvr VFQ ?9 

VARITRON.IC5 
PA SQA 2m imp, 1 89 
tC-2F2mXcvi 199 

HT 2 Handi Talkie 169 
FDFM 2SA Xcvi 129 

7/7 2 


NETT EQUIPMENT SPECIALS & CLOSEOUTS' 


BTt Imlgd by Halslrpml mi NOW 

LK-200OHQ table-tap RF 

i«ti«iA P5-300G supply 1916 1732 

CLEGG rt(. NOW 

22 er FM ser.es 25 $384 $284 

ETO r*(. NQW 

PA 70V Linear 1 DemoJ H775 li 595 

£1 CO «(. HOW 

751 AC Supply Kit 1 79 1 49 

751 AC Supply Wired 109 79 

752 DC Supply Kit 79 4? 

752 DC Supply Wired 109 69 

GALAXY r*( NQW 

PA-210 2m FM Anvplifiei 1149 149 

AC-210 AC supply bootler 49 39 

r^B-210 mtf - bracket 6 5 

SC 350 Speaker console 29 22 

G-35A OC supply 99 79 

GONSET rei NOW 

GS0-2QI Mk fV Linear 1525 1389 

902A PC sup. lor 90QA 2m 62 44 


HY GAIN re|. NOW 

303 BA 3 nl, 2Dn Beam it hipped 

m nrrpr Te a cniTumer f II39 $ 99 

H&252 iLacked 2m futlot 26 14 

SJ2S2 2 «l„ lm ] pole 33 ?9 

LAFAYETTE r*(- NOW 

HA-260 3m Amphtier S3v $ 99 J 49 

ft*r TftACX r*|, NOW 

DX -2000L BO-IOfii Linear 169? $S99 


Regency flea I tot Rtdivm rij HOW 

M-4Q 30-SOMc 12v Receiver USO 1 49 
M-160 157-f74Me I2v Rec. ISO 49 
DR-200 Hi LOW Ret. MO* 200 149 

DR5-IA SpAr, In above 16 9 

Aft. 136 Aircralt Retervei 99 89 

5 BE ten NQW 

502 -VOX Accessory unit $ 38 1 23 

SB2-MB Mobile Mtf. Brat$41 12 

SB2-MIC Mike (dynamic* 16 12 

SB3-OCP Mnb.mp. 5BZ-LA 249 149 

»-72 cable tot SB3 -DCF 8 6 

SONAR 

J5-SD He Tunable FH Recti vert 

FR-tOiP (110£ t2vf 1114 $ 59 
FR'tOlDX plus I i(al di, 134 69 

ISO I7S He Tunable FH Receivers 
FR-l W (11Ov) 1 89 1 69 

FR-fQ2D <110* I2vj 114 89 

SWAN r*t NOW 

TV-2 2m Traniverter 1295 1225 
41 OC VFO 12Q 95 

22& Adaptor 33 25 


Fft-102 (IlDr) $ 89 $ 69 

Fft-fOaD (UOt I2vj 114 89 

SWAN r*t NOW 

TV-2 2m Traniverter 1295 1225 

4IOC VFO 120 95 

22 & Adaptor 37 25 

VARl TRONIC! r*f. NOW 

FQFM-2 and 0P-I 126? $159* 

FM-2QM Mobile Amp. 150 59* 

FM-20BM Bate Amp. supply 215 &9* 

PA-SOA 2m FM Amp. Ilv 129 99* 

FDFM-IS tmod.fer MAR51 HO 189. 

* with 90-day AES warranty 



uru/ 


T?vdc. 1J channel! Apprai JO 
watt! cut put Unique mpd* iwfteh allows paired er independent selection 
pf (3 transmit and 12 receive channel* I (44 passible c »™b mu inn*) 
With crystals for 146.94 MHi. mie and mobile mt( bracket 1719-00 


orrrfn AtCfNCV Jm PRODUCT^ 

HR'2A 6 channels Apprmimatety IS wait* out (JvJt $729.00 

HR JM$ 4cb emit, I eh Rtc * itjitnrf f**li»r 12vdc J|9 0O 

HR IS MMt a* abave but for 1 iTvoe H? 00 

AR-2 SO watt. Ilvdc. Hnbife Amplifier M9.00 

P 107 II bvdc lamp re(ufated supply 39 95 

Rece.ve crystals for HR-1A HI 1, HR-JIJ 4 95 

Transmit crystals for KR'J A HS.5,HR-212 450 

MX-10 Ilvdc cord with cigarette lighter pluf 2 95 

KA'l 4' Remote Speaker, in metal cabinet w mt| bracket T 95 
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AMATEUR ELECTRONIC SUPPLY 

*A. the fee&t Place, to. p*tAcha4e yxutA, new- 

<feasi fovi the 





neaAxutA- 


SWAN 27CB 8Q-I0n= 110 vac Xcm.... 

2706 with 55-168 filter. 

I4A I2vdc Converter for 270B 
SWAN S00CX SU-10m Transceiver.... 
50OCX with SS-I6B installed. 

SWAN 250C 6rti Transceiver. 

NS-1 6m Noise Silencer. 

TV-2C (specify l-i or SOMc if) ,. 

CYGNET HOOK Ltm... 

Mark II SO-1 Om Linear.... 

Mark 66 Sun L inear..... 

I ITXC AC Supply w spkr. in cabinet 

14-1 17 I2v DC Supply w Cable -.- 

SI OX MARS Oscillator - less crystals 

SOS Full-Coverage VFQ...... 

210 6 Meter VFO .. 

VX-2 Plug-in VOX __ ..... 

F P-1 Phone Patch ................. 

NC 12* DC Module cable ONLY.... 

210XC 230v AC Supply, spkr.. cabinet 
MIX Mobile Mounting Kit........... 

SS-16B Custom Crystal Lattice Filter 
IA0X 160 Meter 400w Transceiver 


*419.00 
489 00 
39 00 
489 00 
549 00 
429 00 
35 00 
329 OO 
239 00 
599 00 
599.00 
99 00 
129 00 
49.00 
139 00 
99 00 
35 00 
44 00 
65 00 
105 00 
900 
75.00 
429.00* 



FM-I2I0A 



600 R 


■ TOP TRADES for your sped clem equipment 

• STAY-ON-THE-A1R PLAN-Enables you to keep your trade-ins 
until youi new gear arrives - Lose rto operating lime' 

• PERSONAL SERVICE From fellow hams who understand your 
problems. 

• SAME DAY SERVICE on most Orders and Inquiries from our 
Centrally Located Modern Facilities 

• Top Notch Service Department 

• LARGE COMPLETE STOCK means Fast Deliveries. United 
Parcel Service available to most parts oT the country -UPS 
Blue iabel (AIR) to the West Coast. 

• LOW LOW \% Monthly Service Charge {ONLY 12*1 per annum) 
on GECC Revolving Charge Plan Only 10% Down Plus LOW 
Monthly Payments-For Example. *10 a month finances up to 
*300. 120 up to 1610 Write for complete information 



master charge 

THE INTERBANK CARD 


I60VFQ VFO for above,__ 95 00 

60DT Transmitter 80-10m, 600w , 535.00* 

600R Receiver____ 395 00* 

600R CUSTOM Receiver (with IF, Noise 
Blanker and I.C. Audio filter - inst.) 495.00* 

• Add 160.00 for 5S-I6B factory installed 

6O0Hi CW Filter for 600R,...1 22 00 

AM Filler for 6O0R. ...,.. 99.00 

6005 Speaker for 60OR .. 18.00 

600SP Deluxe Speaker (w ph. patch)., 59.00 
330 External Tuner fey 60OT. 600R... 129.00 

NS-50C 1 F Noise Blanker Kit. 89,00 

ICAF 1C. Audio Note her-Peaker kit.. 59.00 

SWAN 444 Desk Mike---- 25.00 

SWAN 404 Hand Mike.... IB 00 

FM-2X 2m FM Transceiver .......... 259 00 

FM-I2I0A 2m FM Transceiver. 329 00 

VMF-150 150w 2ni Amplifier ........ 279 00 

Crystals for FM-2X and I2I0A .. .each 5 00 
MO-4 2m 5 8 wave Mobile Antenna. .. 16 95 

-SWAN TRIBAND BEAMS {10 IS-20m)- 

TB-2 2 el,. 5 db, 6 W boom ..,1 79 00 

TB-3 3 el , 7.5db. 14'boom_... 94.00 

TB-3H 3 d , 8db, 16'Wn .... 109 00 

T6-4H 4 et,. 9db. 24'boom_.... 129 00 

M6-40H 2 eL, 40m Beau.. I45 00 Direct frOFU tills Ad 

80-4Om Trap Dipole................. 24.9S 

I040v 10-40m Vertical Antenna...... 59.00 

75m Add-on Kit... 29 00 

- SWAN MOBILE ANTENNAS - 
Model 45 {manual switching) covers 10, 

IS. 20. 40 and 75 Meters)...S 79.00 

Model S5B {remote control) 139 00 

Kwik-on connector.................. 6.00 

BMT Bumper Mount................. 24 00 

- MODEL 35 (SINGLE BAND) - 

Top Section, 6 ft. whip .. 1 12.00 

ISm Coil. 22 C 

20m Coil...... 24.( 

40 Meter Coil-... 

75 Meter Coi I. 

18 inch Base Section 
36 inch Base Section 
48 inch Base Section 


Pi oca 4f04* GG4t ude- y&ud 

SWAN CREDIT CARD 

at 

AMATEUR 

ELECTRONIC SUPPLY 


WnmJ-m 4Fw ELtcmoMce 

306 a uoorl RoaO Oceanside. CA 92Q&4 

_ 7308 


599 QSO Ltine r Anywhere, US A 


W9XYZ 


1,0 purchase .iny new Swan equipment 


OTHER E-Z WAYS TO PURCHASE 

1. CASH 

2. COD (20^ DEPOSIT] 

3. MASTER CHARGE 

4. BANK AMER1CARO 

5. AMERICAN EXPRESS 

6 GECC REVOLVING CHARGE 


50 OCX 


To: AMATEUR ELECTRONIC SUPPLY 

4828 W, Fond du Lac Ave. Milwaukee, Wjs. 53216 
I am interested irt the fa I lowing new equipment: 


I Enclose S_ \ I will pay balance (if any): 

QCOD [ ] Swan Credit Curd Q GECC Revolving Charge Plan 
n Master Charge" f~] Bank Amen card QJ American Express 


Account Number 


h.iy urpniti K^tCHW 
Mgr Mail Onppr Sale* 


Fipiiaiion 

DAT E_ 


4828 West Fond du Lac Ave. Milwaukee, Wis. 53216 

Phone {4/4] 442-4200 

HOURS Mon s* Fri 9-9: Tues, Wed & Thurs 9-5 3D: Sat 9-3 

CLEVELAND Area Hams may wish in visit our Branch store located at: 
17929 Euclid Ave., Cleveland. Ohio, Ph. 486-7330. Pete Smith. Mgr 
ALL Mail Order and Inquiries should be sent to our Milwaukee store 


Address 


City 6 State:_ 

| | Send used gear list 


More Details? CHECK-OFF Page 110 
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using 

odd-ball tubes 


in linear amplifier | 

service § 

CO 

f-* 

a 

E 

o 

Practical suggestions | 

for putting 1 

< 

your surplus tubes | 


to work 


If you have been an active amateur for 
any length of time, chances are you've 
accumulated several transmitting tubes. 
Such tubes may be triodes or tetrodes of 
various lineage — generally they have 
large envelopes, husky filaments, and are 
capable of withstanding quite high plate 
voltage. A challenging question is, how do 
you use these tubes in today's ssb linear 
amplifiers? Essential information is diffi¬ 
cult to obtain for operating older tubes in 
linear*. # This article offers some sug¬ 
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gestions on using older transmitting tubes 
in a dean-sounding linear amplifier even 
if you don't have manufacturers 1 data on 
the operating characteristics of such 
tubes. 

operating considerations 

The specifications for modern triode 
linears indicate that only very high-mu 
tubes, preferably those that operate with 
zero bias, will be satisfactory. There is no 
doubt that such tubes are somewhat 
easier to put into service, but tubes with 
just about any range of amplification 
factor can be made to perform accept¬ 
ably. In fact, at one time tubes with very 
low mu were considered best for linear 
amplifiers because they would take a 
wider swing of grid voltage before draw¬ 
ing grid current. 

Present-day practice, which centers 
about the grounded-grid circuit, largely 
ignores such fine points. The very heavy 
negative feedback inherent in the 
grounded-grid configuration tends to iron 
out distortion products resulting from the 

♦The ARRL handbook lists ratings for most 
transmitting tubes. Some of the older editions 
contain data on special "one of a kind" tubes 
from WW II. editor. 
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sudden transition from no grid current to 
full grid current. Also, the fact that the rf 
excitation fed through the amplifier tube 
tends to keep a swamping load on the 
driver stage further lessens the transition 
effect. So don't be concerned if that 
oddball transmitting tube in your junk- 
box has low or medium mu. 

You can do quite well without know¬ 
ing the mu. All you really need to find 
out is what bias, at the plate voltage you 
intend to operate, is required to hold the 
plate dissipation to an acceptable 
amount. But remember that most tubes 
found on surplus will take a very impres¬ 
sive voltage and will approach linear 
operation more readily when the plate 
voltage is near the upper limit. You can 
determine this parameter if you have (or 
can borrow) a variable-voltage power 
supply that provides several hundred 
volts. In addition, you'll need a voltmeter 
of similar range. 

determining operating parameters 

Let's assume you've built your ampli¬ 
fier to the point where you're ready to 
start testing with the intent of arriving at 
operating parameters. Initially, you set 
the grid bias at the highest negative 
potential available, then you turn on the 
plate voltage. If all goes well no plate 
current will flow: so you gradually reduce 
the grid bias, keeping an eye on the tube 
plate. Plate current will start to flow as 
the grid bias moves out of the cutoff 
region. As plate current goes higher the 
tube plate will start showing color. Here 
is where you'll have to use judgment. If 
the tube has a carbon plate, a dull red at 
the plate center is the stopping point. If 
the tube has a tungsten plate, a bit deeper 
red around the center of the plate is 
permissible. If the tube has a tantalum 
plate, the red glow can be permitted to 
spread over most of the plate. 

When the reduced grid bias (and the 
resultant plate current) has caused the 
plate color you've decided to accept, 
quickly turn off the plate voltage. Turn it 
on again for just a moment, and note the 
grid voltage. Again turn on the plate 
voltage just long enough to note the plate 


current. From the plate current and the 
plate voltage, compute the plate power 
input. If it's not over one-half the amount 
of the tube's rated plate dissipation, 
you're at a good starting point. 

power supply 

Your next move is to construct a 
regulated power supply to provide the 
grid bias voltage you jotted down. A 
zener diode is highly recommended. Any 
number of zeners can be connected in 
series to provide the desired voltage. If 
you're planning to use two or more tubes 
in parallel, the grid current will increase 
in proportion, as will the plate current. 
After installing the zener-regulated bias 
supply, recheck to assure that the tube 
resting plate dissipation is still at the 
value you've elected to accept. 

designing the amplifier 

With your odd-ball tube you'll be on 
your own much more than if you follow 
some standardized design. Consider tube 
sockets for example. Many odd-ball tubes 
require sockets that won't be found in 
most supply houses. You may have to 
make your own, which I did for the 
Eimac 3A200A3 tubes in my amplifier. 
This job isn't too hard. Sometimes you 
can find a banana-plug socket that will fit 
tube prongs. I once used such com¬ 
ponents to make a socket for a Western 
Electric 212-E tube. Keep in mind that 
filament contacts must carry high cur¬ 
rent; therefore, the contact surface must 
be amply large and must make a firm 
connection. 

tune up 

For initial tune-up tests, it's best to 
use a dummy antenna. Only the final part 
of the test requires the radiation of a 
signal. 

You've determined and set the values 
of plate voltage and grid-bias voltage. 
Now you must determine the proper 
excitation (as indicated by the grid- 
current meter) and the optimum plate- 
current loading. 

Provide moderate grid excitation — 
just enough to resonate the plate circuit. 
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Now increase excitation and try loading 
the plate circuit. Remember to keep grid 
excitation to a moderate level. If you 
know the class-C grid current rating for 
the tube, keep the current below half this 
value. Adjust the plate circuit in small 
increments. Turn on the power and make 
quick adjustments, then turn off the 
power. Continue increasing excitation 
{but don't exceed the limit previously 
mentioned). Increase plate loading until 
the plate current dip becomes quite small. 
A better means of ascertaining the desired 
loading is with some device for measuring 
either the rf power output or voltage. 
When using this method, continue loading 
the amplifier until the rate of increase of 
output power (or voltage) approaches 
zero. Then back off the excitation about 
10 percent. 

You may wonder about a procedure 
that requires adjustments to be made 
quickly. The procedure is valid. You're 
adjusting for a maximum (peak) power, 
which will be reached only by random 
voice peaks. The duty cycle of such peaks 
is very small; therefore, they will not 
overload the tube. Your amplifier must 
handle these peaks without appreciable 
distortion else splatter will occur on 
either side of your desired signal. 

on-the-air checks 

For this test it's best to seek the 
cooperation of a station some distance 
away to avoid cross-modulation and inter¬ 
modulation distortion in the receiver. 
Select a time and frequency when inter¬ 
ference will be minimized. Also, try to 
have the cooperating station operated by 
someone who knows the difference 
between a clean ssb signal and one that is 
badly distorted. Do not depend upon a 
station having an oscilloscope attached to 
its receiver. Engineers who work with 


•However, consider the article by Marv 
Gonsior, W6VFR, in the March, 1972, issue of 
ham radio . Marv shows how ssb signals can be 
evaluated with a monitor scope connected to a 
receiver when the receiver bandwidth is appro¬ 
priately modified to pass essential information, 
editor. 


commercial ssb equipment have been 
quoted as saying, “Any distortion that 
can be detected on an oscilloscope al¬ 
ready has gone far beyond the limit of 
tolerance." The instantaneous splatter 
that results from intermodulation pro- 
ducts on the high-amplitude peaks of 
voice modulation can be detected only by 
listening on adjacent frequencies or by 
the use of an extremely expensive real¬ 
time spectrum analyzer.* 

An honest and well-qualified listener, 
equipped with a conventional a-m re¬ 
ceiver with a front end reasonably free of 
cross-modulation and intermodulation 
and operated with the age disabled, af 
gain high, and the rf gain set to give a 
moderate signal, can provide meaningful 
information if he tunes slightly to either 
side of your signal as you talk normally. 
Ask the operator to listen for the buck¬ 
shot effect that results from nonlinear 
operation of an amplifier. If such dis¬ 
tortion shows up only on voice peaks, 
you're probably overdriving the amplifier. 
Hold the amplifier excitation low enough 
to pass the test. Your signal may not kick 
S meters as high, but you'll have better 
relations with other amateurs and the 
FCC. 

Linearity is not something that's built 
into a tube. In addition to the tube 
characteristics, linearity depends upon 
external factors such as grid bias, grid 
excitation, plate voltage, and plate load¬ 
ing. These factors are mutually de¬ 
pendent, so it is not remarkable that true 
linearity is difficult to approach. Note 
that you can approach it but never 
achieve it. 

Don't hesitate to juggle grid excitation 
and plate loading to obtain the best 
possible signal. Usually the plate loading 
must be very heavy. As a last resort, try a 
different value of grid bias remembering 
that this bias always must come from 
a source of low internal resistance 
(strapped-down supply). Also bear in 
mind that linearity is more nearly ap¬ 
proached when the tube bias point is such 
that the tube's rated plate dissipation is 
not exceeded. 

ham radio 


60 Q September 1972 




ft CAPACITORS 

1 ALL NEW FULL AXIAL LEADS 


1 

3 

5 

10 

30 

SO 

100 

250 

500 

500 

800 

1000 

1500 


Mfd & 
Mfd 0 
Mfd 0 
Mfd 0 
Mfd <a 
Mfd @ 
Mfd 0 
Mfd @ 
Mfd 0 
Mfd 0 
Mfd 0 
Mfd 0 
Mfd 0 


25 Volts 
6 Volts 
15 Volts 
6 Volts 
15 Volts 
2,5 Volts 
15 Volts 
30 Volts 
25 Volts 
50 Volts 
20 Volts 
12 Volts 
25 Volts 


5 for 
5 for 
5 for 
5 for 
5 for 
5 for 
5 for 
3 for 


3 for $1*00 
40? ea* 
3 for $1,00 
3 for $1.00 
2 for $1.00 


ZENERS 

All Units Tested And Guaranteed 

400 MILLIWATT UNITS — 3* 3.3* 3,6, 3,9. 4*3, 
4,7* 5,6* 6.2, 6,8* 7,5. 8.2. 9.1* 18. 22, 24* 27, 
Volts. 

1 WATT UNITS — 10. 11, 12* 13* IS, 16. 18, 
20* 22* 27* 30, 33, 39, 43, 47, 51, 56, 62* 68. 
75, 82, 91, 100, 110* 120, 130* 150. 160, 180* 
Volts* ALL UNITS 10% — 4 for $1.00 ppd* 

5% — 3 for $1,00 ppd. 


ITT 1N4002 DIODES 
ITT IN4004 DIODES 
ITT 1N4O07 DIODES 
Tl 1N914 DIODES 
1N270 DIODES 


12? ea. ppd. 
18? ea* ppd. 
28? ea* ppd. 
16 for $1.00 ppd. 
20? ea* ppd* 


HIGHEST QUALITY. 
AMERICAN MADE 
POWER CORD 

6 Foot Gray Cord, Good 
For At Least 7 Amps* 
Plugs Into Auto Ciga¬ 
rette Lighter* A Hard 
To Find Item. 

75? Each or 
3 For $2*00 ppd. 


3000 MFD @ 30 VOLT CAPACITORS 
Size: \ H Diameter x 3" Long* 

75? each or 3 for $2-00 ppd. 


1 AMP MOLDED BRIDGE RECTIFIER 

200 Volt PIV Small Size — 
Manufactured By General In* 
y*> strumant, Ideal For P.C. Board. 

50? Each, 3 For $1*25 ppd* 


ILLUMINATED 
ROCKER SWITCH 

American made UL approved 
125 Volt 3 A ac Illuminated 
5.P.D.T. rocker switch. Sepa¬ 
rate built-in S.P.D.T. switch 
operates built-in 115 VAC lamp, 
75? ea* 3 for $2.00 


Disc Ceramic Capacitors* Very Small 
Diameter. All Full Leads* 


— About 


y, 17 Diameter. Alt Full Leads* 

*01 MFD 0 500 Volts 
.001 MFD @ 500 Volts 
,015 MFD ® 500 Volts 
Your Choke! 20 for $1*00 ppd* 


NEW 

Dipped Mylar Capacitors. 

1 .1 MFD 0 100 Volts 

*15 MFD 0 100 Volts 

,22 MFD 0 100 Volts 

Your Choice! 16 far $1,00 ppd. 


1 AMP BRIDGE RECTIFIER 
SEMTECH # SCBR 1 

, Very nice. V* ,f d. 

100 Volt PIV 
50? ea* ppd* 


P* C* BOARD CAPACITORS 
50 MFD. 0 15 VOLTS or 100 MFD. ® 25 VOLTS 
Your Choice! 5 for $1.00 ppd. 


Power Transformer. 115 Volt AC Primary* 
Secondary #1: 32-0*32 Volt 0 1 Amp. 

Secondary #2: 6,3 Volts. Low Currant For 
Pilot Lights. Size 2*A ,f x 2%” a 3"* 

Price: $2*50 Each ppd. 


BATTERY CLIPS 
4" Color Coded Leads 
Fits Standard 9 Volt Battery 
10? ea* ppd* 


CDE TYPE WMF MYLAR CAPACITORS 
ALL 100 VOLTS 


.033 

MFD 

0 

100V 

8? 

ea. 

14 

for 

$1.00 

.1 

MFD 

0 

100V 

10? 

ea- 

12 

for 

$1.00 

.22 

MFD 

© 

100V 

10? 

ea. 

12 

for 

$1.00 

1.0 

MFD 

© 

100V 

25? 

ea. 

5 

for 

$1.00 


6*3 Volt 1 Amp Transformer, Fully Shielded* 

$1.60 Each ppd. 


m. wein/chenker 

K3DPJ BOX 353 * IRWIN, PA* 15642 


hme 

ML ML 

Part #7277151. 


Black, Aluminum, Ano* 
dized, Heat Sink. Size 
Approximately x I% w 

h. * IVi” w, Predrilled For 
TO * 3 Transistors* Delco 
Factory New, 75? Each 
3 for $2.00 ppd- 


50 

100 

400 

800 

1000 


*12 

,16 

,20 

.26 

*32 

.40 

*48 


Rectangular 0 to 1 Mil, Meter, 
Panel Size Approximately l%' f 
x x 1Deep* Basic 

Movement 0-1 ma. Easily Ad¬ 
justed For 0 Center With In¬ 
struction* supplied* Ideal meter 
For RTTY Use, Etc. American 
Made. Price: $1.00 Each ppd* 


American Made P.C* Board 
Type Miniature Trim Pots, 
Size Approx* Diameter, 
Factory New. Following 
Values Available: 200 ohm, 
500 ohm, 700 ohm, 1500 
ohm, 5000 ohm. Price: 
25? Each, 5 For $1-00 ppd. 


High quality, American Made 
Transformer* 115 Volt Prlrnan^. 
Secondary 17-0-17 Volt @ 150 

ma* Tap At 6*3 Volt For Pilot 
Light, Ideal For Transistor Pre- 
Amps, VFO's, etc. Fully Shielded* 

$1.50 Each ppd. 


</D IO D E SffJ? 

STUD- 

top-hat epoxy epoxy mount 

PIV 1*5 AMP 1*5 AMP 3 AMP 6 AMP 


More Details? CHECK-OFF Page 110 
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circuits and 
techniques 
id noli, W3FQJ 


emitter-coupled logic 

I introduced the basic types of digital !C 
circuits in an earlier column. 1 One of 
these types was the emitter-coupled logic 
(ECL). These are often referred to as 
MECL types which is a Motorola termi¬ 


nology. 2 There are several categories of 
MECL types according to speed of opera¬ 
tion. The family identifiers are MECL-I, 
MECL-II, MECL-III and MECL-10,000. 

The identifiers have to do mainly with 
the two electrical characteristics of toggle 
rate and gate propagation delay. The 
toggle rate is the frequency with which 
the logic activity can be made to change¬ 
over in one second. For example, if the 
family has a toggle rate of 30 MHz, a 
multivibrator of that class could produce 
30 million output pulses per second. 

A digital circuit requires a certain 
amount of time to changeover from one 
logic to another. Consequently there is a 
certain delay between the time of the 
input signal and the change of logic at the 
output. Such delay is defined as a propa¬ 
gation delay and is, in effect, a measure 
of the speed with which a digital 1C 
circuit can be made to function. Propaga¬ 
tion delay is usually measured in nano¬ 
seconds (a nanosecond is 10 9 second). 

The MECL families are classified as 
follows: 

MECL-I — 30 MHz toggle rate and 8 
nsec propagation delay. 



fig. 1. MECL III oscillator using an MCI692. 
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MECL-II — 70 MHz toggle rate and 4 
nsec delay. 

MECL-II! — toggle rate above 200 MHz 
and 1 nsec delay. 

The MECL 10,000 is a variation of the 
MECL-II I type that fits into large systems 
and popular circuit wiring methods with 
greater ease. Propagation delay is 2 nsec 
associated with an edge speed of 3.5 nsec. 
Edge speed has to do with the rise and 
fall times of the pulses. If full benefit is 
to be derived from high-speed digital 
circuits, their associated signal input 
edges must also have a fast time. The 
maintenance of adequate edges, free of 
ringing and distortion, imposes strict re¬ 
quirements on interwiring. These require¬ 
ments are relaxed by the MECL 10,000 
designs. 

Although the above figures are basic to 
the various types, it must be pointed out 
that in each family there are modifica¬ 
tions and "improved-upon devices" that 
are better than the stated figures. For 
example, MECL-II types are now avail¬ 
able with toggle rates of 120 MHz or 180 
MHz. 

The high-speed ECL types are becom¬ 



ing more prevalent in amateur test gear. 
Presently they cost more than the popu¬ 
lar TTL types but operate at higher 
frequencies and higher speeds. Often their 
application as associated with TTL types 


bear the responsibility for the high speed 
activities in a given system. In a scaler, for 
example, an MECL might count down a 
very high frequency signal to a lower fre¬ 



fig. 3. Basic pin-out circuit of a double-balanced 
modulator using an SL614C. 


quency one that can be handled by TTL 
circuitry. Typical toggle rates for the 
7400 TTL series are in the 15- to 30-MHz 
class. ECL devices are available that can 
act as a bridge between ECL and TTL 
types. 

high-frequency oscillator circuits 

A typical MECL-III crystal oscillator 
circuit is shown in fig. t. Its toggle rate is 
so high that it will operate in oscillator 
circuits beyond the highest practical 
crystal frequency. Your high-frequency 
limitation, in this case, is not the device 
but the crystal itself. Remember that the 
output is a square wave, and if not lost in 
the output coupling system, strong har¬ 
monics are present in the uhf and low- 
frequency microwave spectra. 

The circuit of fig. 2 uses an MECL- 
10,000 type and will operate up into the 
vhf spectrum. Circuit plan is such that 
either MECL or TTL outputs are avail¬ 
able. The TTL output is such that it can 
drive a TTL input device or counter. It is 
said to provide the proper interface 
between MECL and TTL. 

frequency multiplication and division 

To some extent the doubly-balanced 
modulator linear 1C has been overlooked 
by the radio amateur as a means of 
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frequency multiplication and division. An 
especially mind-jogging article appeared 
in the January, 1972, issue of Electronic 
Equipment News (British) stressing the 
fact that these devices can be used in 
circuit arrangements that provide more 
than integral multiplication and division. 3 
The device type used was the Plessey 
SL640 and SL641. The SL640 and 
SL641 can be made to multiply and 
divide over a frequency range of 100 Hz 
to 100 MHz. No doubt similar results can 
be obtained from the RCA CA3050, 
Signetics and Motorola MC 1596, and 
other types made in the United States. 

The basic circuit of the device, fig. 3, 
shows signal and carrier inputs and a 
tuned output. The tuned output, of 
course, minimizes the generation of fun¬ 
damental and other undesired com¬ 
ponents. In the usual application of a 
double balanced modulator there are 
signal and carrier input signals. In the 
device these two components cancel but 
mix and produce either a sum or differ¬ 
ence frequency (fig. 4A) at the output 



fig. 4. Balanced modulator inputs and outputs. 
A is the basic circuit, B is the basic doubler and 
C is the two-to-one divider. 


(FI + F2) or (FI - F2). When the double 
balanced modulator is used as a multiplier 
or divider, only one input signal is neces¬ 
sary, figs. 4A and 4B. Either the input 








fig. 5. A frequency quadrupler and tripler. 


signal is applied to both device inputs or 
the second input is derived from the 
output. 

The B circuit operates as a doubler; 
the C circuit, a 2-to-1 divider. The sum 
component at the output of circuit A is 
of course (F + F) or 2F. In B circuit the 
signal input is Fi and the carrier input is 
Fo. The output is tuned to the difference 
frequency, therefore: 

Fo= Fi - Fo 

2Fo = Fi 

Fo = Fi/2 

Two doublers can be connected in 
cascade to obtain a multiplication of 4, 
fig. 5A. Output of first modulator is 2F 
or IF + F). Output of the second multi¬ 
plier is 4F or (2F + 2F). 

If the input signal is also made the 
carrier input signal of the second modu¬ 
lator, the balanced modulator pair oper¬ 
ates as a tripler, fig. 5B. Output of the 
first modulator is again 2F while the 
output of the second modulator is 3F or 
(2F + F). 

A division by four can be obtained by 
cascading two 2-to-1 dividers, fig. 6A. 
Odd division using balanced modulators 
requires feedback paths like the odd- 
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divider designs of digital integrated cir¬ 
cuits. In the case of the balanced modu¬ 
lator, the desired 1/3 output is removed 
between stages, fig. 6B. Additionally a 





fig. 6. Frequency division by four and by three. 


2F/3 component is available at the out¬ 
put of the second stage. 

Three, four or five stages can be used 
to establish various integral and fractional 
multiplications and divisions. One can 
anticipate the use of both linear and 
digital multipliers and dividers in various 
types of amateur gear including trans¬ 
mitters. Much frequency processing and 
even modulation can be expected to 
occur at the low power levels of these 
circuits. Pulse waveforms often facilitate 
processing and it is no great problem to 
convert square waves to sinusoids. This is 
demonstrated in an earlier experiment 
where a 7-MHz crystal was used to 
generate a 3.5-MHz sine wave using a 
digital two-to-one divider. 4 I am experi¬ 
menting with these devices and I hope to 
bring you some practical circuits before 
the end of the year. 

waveform generation 

Additional function generators in the 
form of monolithic chips are being made 
available. A very appealing one has been 
developed by Exar Integrated Systems, 
Inc. In a recent article by Allan E. 
Grebene, the unusual versatility of such a 
device was stressed. 5 This 16-pin in-line 


device can generate sinusoidal, triangular, 
square, sawtooth, ramp and pulse wave¬ 
forms. These various waveforms can be 
amplitude modulated (double-sideband or 
suppressed carrier), frequency modulated 
or a combination a-m and fm modulation. 
The unit can be used to generate a sweep 
waveform or a tone-burst signal. Regular 
CW on-off keying is possible as well as 
FSK or PSK keying. Groups of these 
waveforms can be made available simul¬ 
taneously. Here is a possibility for a 
transmitter design that also includes the 
generation of its own test and measure¬ 
ment waveforms as well. 

The Exar-205 waveform generator con¬ 
sists of three major sections as shown in 
fig. 7. These are voltage-controlled oscil¬ 
lator, modulator and buffer amplifier. 
The oscillator makes available linear and 
ramp waveforms at its output. Frequency 
range of sine and square-wave generation 
is 0.1 Hz to 5 MHz. Triangle and ramp 
waveforms have a range between 0.1 Hz 
and 500 kHz. The oscillator frequency 
can be adjusted with a variable d-c voltage 
applied to pin 13. An audio or other 


SQUARE 

WAVE OUT 



OUT IN 


fig. 7. The basic plan for the Exar XR-205 
waveform generator. 


modulating wave applied to the same pin 
will produce frequency modulation of the 
oscillator output. 

When a sinusoidal or triangular wave 
output is desired, the output of the 
oscillator is applied to the input of the 
modulator. This wave can be amplitude 
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modulated by applying an appropriate 
signal to the second input of the modu¬ 
lator. The modulated or unmodulated 
sine wave or triangular wave can be taken 
off at the output of the modulator. 

A buffer amplifier is also included in 
the chip. The signal at pins 1,2, 12 or 14 
can be applied to the buffer, and the 
amplified output can be removed at pin 
11 . 

A practical circuit arrangement is 
shown in fig. 8. Ramp voltage is removed 
from the oscillator between pins 14 and 
15. Capacitor Cl sets the oscillator fre¬ 
quency. Oscillator signal is applied to the 
modulator by way of pins 5 and 6 with a 
sine or triangle wave output present 
across pins 1 and 2. The wave-shape of 
the output is determined by the setting of 
the potentiometer connected between 
pins 7 and 8. 

Amplitude modulation results when 
the appropriate modulating wave is 
applied to pin 3. Potentiometer R2 sets 


SQUARE 
RAMP WAVE 



the dc bias voltage at pin 4, regulating the 
magnitude of the output signal. 

six meter QRPP 

The Siliconix 2N5912 dual-differential 
amplifiers perform well in push-pull oscil¬ 
lator circuits because of their uniformity. 


The device will operate as an oscillator to 
100 MHz and above. Total device dissipa¬ 
tion is about 500 milliwatts and, there¬ 
fore, it is no great problem to obtain over 
a 100 milliwatts output on six meters. 
The circuit of fig. 9 performs well with 
the inexpensive EX overtone crystals 


2N59I2 




fig. 9. A very low power 50-MHz transmitter. 


made available by International Crystal 
Manufacturing Company. The output 
capacitor is an 8-pF butterfly connected 
across a coil made from B&W 3011 stock. 
The coil is seven turns, center tapped. 
The output winding is two turns of 
hook-up wire wound around the center of 
the primary. It will load the usual 50- to 
70-ohm six-meter antenna without the 
use of an output tuning capacitor. More 
critical loading to other antenna types 
can be obtained by adjusting the second¬ 
ary turns or inserting a series tuning 
capacitor as shown. The transmitter will 
operate on other bands with the use of 
appropriate crystals and balanced output 
resonant circuits. 
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the most powerful signals under the sun! 


Handles large beams and stacked arrays with ease 
Delivers over 4,000 IN/LBS of starting and rotating torque 
Gear train protected by husky cast aluminum housing 

Solenoid operator brake adjusted to slip at 5,000 IN/LBS to prevent damage 
Extra heavy duty machined steel gears for maximum strength 
Handsome control unit features sweep pointer over choice of three great 
circle maps or compass rose 

Select desired position and rotator's logic circuit brings into desired position 
Capacitor start for high torque 
Operates off 110VAC 60 cycle power source 
No blind spots-moves 380 

Antenna automatically moves to position when control is activated 

Heavy duty mast clamp takes up to 3” O.D. mast 

Mounts to standard tower plate with min. of 10 r tower leg spacing 

Mounting kits available for poles or small towers 

Universal tower mount available 

Temperature range — 30" F to 120 F 

Permanently lubricated 

Requires one 5 wire cable 

Cable available from Hy-Gain 412 


Buy a 400 ROTO-BRAKE from the best distributor under the 
sun — the one who stocks Hy-Gain! 

lei No. 400 Suggested retail price $189.95 


p f Q, Box S407’WI, Lincoln, Nebraska 68505 
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electronic keyer 
paddle 

Having built an electronic keyer, I 
needed a paddle to operate It. Because of 
cost, poor feel, or my desire not to 
sacrifice either my straight key or my 
bug, l decided to build my own paddle. 
The final model of my paddle cost me 
nothing, and although it sacrifices a little 
adjustability, it fits my requirements well 
and can easily be enclosed in the same 
box as a keyer, as the paddle only 
measurers 1 5/8 x 1 x t-inch. 

Fig. 1 illustrates the keyer paddle and 
gives enough data to duplicate my unit; 
however, a few comments may clear up 
some questions. The rubber band allows a 
one-shot tension adjustment but, by 
changing the number of loops or by 
changing the thickness of the band or by 
varying its position, you can get any 
tension you want. I was going to use a 
non-conducting plastic spring but it was 
expedient at the time to use a rubber 
band. It worked so well I left it in. You'll 
probably have to replace the rubber band 
every so often but its no trouble and it 
gives you another chance to admire your 
handiwork. My first one lasted over a 
year and the second has been going for 


longer than two years now. It seems to 
me that when I was a kid we used 
glycerine on the model airplace rubber 
bands to extend their life so you might 
try that. I used one of those small office 
rubber bands about one inch long and a 
sixteenth of an inch thick. I send code 
practice three times weekly in addition to 
my normal cw operating, so the paddle 
gets a generous workout. 

I used a 6-32 steel machine screw and 
four nuts for the shaft and bearings. The 
philosphy here is to get plenty of bearing 
surface; so large diameter and fine threads 
are best. However don't go overboard 
because you might have trouble with foil 
separation when soldering large nuts to 
the circuit board. The nuts are ground on 
one side to allow clearance. A bench 
grinder, belt sander or such will work 
here — even a file. 

The slots cut in the brass angle stock 
determine the paddle throw, so be careful 
not to make them too large. The paddle 
throw could be made variable in different 
ways, but generally once throw is set the 
way you want it, it never is touched 
again. If you need adjustment, the 
machine screw can be set a variable 
distance from the brass angle. 
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This keying paddle works fine with 
either a standard or squeeze keyer. My 
paddle is housed in a 4 x 4 x 2-inch black 
crackle utility box together with bat¬ 
teries, keyer, sidetone generator and 3- 
incb speaker. It was built as a present for 
my wife, but you know how that is. 

Kenneth R. Klopf, KL7EVD 


tion, this frequency is stable to about one 
part in 10 8 short term—or one cycle in 
three seconds. This is more than suffi¬ 
cient for most amateur work and exceeds 
the capabilities of many inexpensive 
counters. 

If the local station is transmitting a 
live program from New York such as a 





OASH O' 


COMMON 


DOT O' 



t 


I 


X 


SCHEMATIC SYMBOL 


fig. I. Construction details of the simple keyer paddle. 


frequency standard 

A stable and highly accurate signal for 
calibrating counters, meters, or frequency 
sources can be found in every color 
television receiver. The local color sub¬ 
carrier oscillator, at 3.579545 MHz, is 
crystal controlled and phase locked to the 
transmitted “color burst" signal from the 
television station. If the program is of 
local origin or a delayed tape presenta- 


national news special, some sports events 
or some daytime game shows, the color- 
burst signal will be phase locked to the 
network rubidium standard and the color 
TV set's 3.579545 MHz oscillator will be 
essentially as stable as the stand¬ 
ard — typically one part in 10 12 per day. 
This resolution is beyond the needs of 
any but the most advanced or fanatical 
workers. 

Aarne T. Haas, WA7JIK 
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scanning receiver 
interference 

With the increasing popularity of 
police-band vhf-fm scanning receivers, a 
number of amateurs operating on 2-meter 
fm have had very disconcerting engage¬ 
ments with a new form of inter¬ 
ference — scanning receiver interference. 
SRI appears as an interruption of normal 
scanning reception of the police band by 
quite clear and intelligible reception of a 
local 2-meter amateur. 

The cause of the interference is quite 
simple to understand and, like most 
interference problems, it is caused by the 
design shortcomings in the receiver cir¬ 
cuitry. These scanner receivers utilize a 
frontend which uses gated conversion 
local oscillators capable of scanning some 
6 to 8 MHz of the vhf-fm public-service 
band. Obviously, the rf amplifier pre- 
ceeding the converter stage in such a 
radio would have to have a broad re¬ 
sponse. Unfortunately, some of these are 
a little too broad and are easily over¬ 
loaded when operated in a high-strerigth 
rf field produced by a 2-meter fm trans¬ 
mitter. This overload in the receiver 
frontend generates products which look 
like signals to the rest of the receiver, and 
the receiver stops scanning and presents 
beautiful, cleanly-detected 2-meter fm 
audio — generally to the receiver owner's 
dismay. 

The owner's first reaction is usually to 
find out "who is interfering with the 
police and fire broadcasts," and inform 
him of this fact. This can be an unnerving 
and embarrassing experience for the un¬ 
knowing amateur. The correct action to 
take, though, is the same as for a tele- 
vision-interference problem. 

First make sure you are clean. Success¬ 
ful operation of a good-quality police- 
band receiver while your transmitter is in 
operation should establish this. The 
owner of the automatic eavesdropper 
should then be told politely that the 
problem is one of receiver design. He 
should be requested to write to the 
manufacturer to explain his problem and 
request assistance. 


Not all scanning receivers are plagued 
with SRI. The Digi-Scan, manufactured 
by Unimetrics, appears to be much less 
susceptible to this problem than some of 
the more common scanners such as the 
Bearcat and the Courier. Of course, 
good-quality, non-scanning receivers with 
narrow front-ends are the best choice to 
prevent SRI. (Adapted, with permission, 
from The RaRa Rag , published by the 
Rochester Amateur Radio Association.) 

Joseph Hood, K2YAH 

uhf coax connectors 

If you dread installing uhf coax con¬ 
nectors because you have a tough time 
threading the outer jacket of the coax 
into the connector, try this. Trim the end 
of the coax in the usual manner per the 
ARRL Handbook. Daub a drop of sili¬ 
cone grease, about the size of a match 
head, on the black jacket just back of the 
exposed braid. As the connector is 
threaded on, it will pick up the silicone 
grease and turn on like a nut. 

Floyd R. Patten, W0L.CP 

cold galvanizing 
compound 

After designing and building that an¬ 
tenna to end all antennas, the finishing 
touch should provide long life. Cold 
Ga/vanizing Compound , manufactured by 
Crown Industrial Products Company*, 
can do the job. This spray-can product is 
light gray in color and easy to apply. It 
provides a zinc-rich coating which pro¬ 
tects metallic materials from rust and 
corrosion. 

The Cold Galvanizing Compound pro¬ 
vides protection in two ways. First, as a 
long-lived coating of practically pure zinc; 
and second, through galvanic action. This 
becomes effective when the surface is 
scratched or broken — with the presence 
of moisture galvanic action takes place, 
but the corrosion of the zinc coating will 
protect the metal it covers. 

Hilary McDonald, W5UNF 

•Crown Industrial Products Company, Hebron, 
Illinois 60034. 
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WANTS TO PUT YOU ON 



METER 




THE RIGHT WAY... FIRST 


FM 27 A 




i * i 


Never a Crystal to 
Purchase; With 8G H 000 
Frequency Combinations, 


$479.95 Complete with 
Noise Cancelling Microphone 
□nd Antitheft Mobile Mount, 


2 METER TRANSCEIVER WITH 
CRYSTIPLEXER FREQUENCY CONTROL 

Only the FM-27A offers the 2 Meter FM'er the complete freedom of 
frequency—receive and transmit—with accuracy and stability comparable 
with conventional crystal control. 

In addition—the FM-27A provides the hottest performing receiver and most 
conservatively rated 25 watt transmitter on the market 

See your Clegg Dealer today or write or phone our factory for detailed data 
sheet on the fabulous FM-27A. QUALIFIED REPRESENTATION WANTED. 






immifOM/u 


Asl 


DIVISION 




3050 Hemplsnd Road 


Lancaster, Pennsylvania 17601 
Tel: (717}299'3671 * Telex 84-S436 
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ssb and CW 
transceiver 



Hallicrafters introduced a new* low 
priced* completely self contained ssb and 
CW transceiver* the FPM'300. It is com' 
pactly designed with modular construc¬ 
tion techniques for fixed* portable and 
mobile use for amateur* CD* CAP, MARS* 
RACES and other utility hf communica¬ 
tions services. 

The new transceiver provides the user 
with an extended range vfo (600 kHz) for 
full-frequency coverage of 80 through 10 
meters. 

Priced at $595, amateur net* the tram 
sceiver features low power drain* conserv¬ 
atively rated 250 W PEP input on ssb and 
180 W on CW* The unit is all-American 
made with American components. It uses 
glass-epoxy pc boards and over 70' active 
electronic devices* 

Other features of the unit include a 
large, easy-to-read frequency display 


which can be interpolated to 1 kHz* 
combination S/tune meter* built-in vox 
and semi break-in CW* an 1C speech 
compressor* aatc, 100/50/25-kHz crystal 
calibrator and a universal power supply 
for 117/234 Vac* 50/60 Hz and 12 Vdc. 

For additional data on the FPM-300* 
write to the Hallicrafters Company, 
Amateur Radio-Department PR, 600 
Hicks Road, Rolling Meadows, Illinois 
60008 or use check-off on page 110. 


semiconductor lasers 

Both Ralph W. Campbell, W4KAE* 
and Forrest M. Mims have written articles 
and letters in ham radio magazine about 
laser experimentation. These two men 
have now come out with a new book on 
the subject entitled "Semiconductor 
Diode Lasers." The new book is written 
in a comprehensive but easy to read style 
and introduces experimenters and design 
engineers to the injection laser — one of 
the most unique and challenging semi¬ 
conductor devices in electronics today* 

The first chapter discusses the history 
and development of the laser. It explains 
light-emitting diodes* the injection-laser 
theory and such lasers as the solid* liquid* 
gas* plastic* gelatin and space. 

Chapters two and three describe the 
fabrication and the electrical properties 
of the injection laser. Also explained is 
coherence, a very significant aspect of 
laser light. 

The remaining chapters deal mainly 
with circuitry and practical applications. 
Circuitry encompasses pulse generators, 
modulators* power supplies, detectors 
and receivers* Optical systems and view¬ 
ing devices are also mentioned* 
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SCAN- 

VISION 

Now—unexcelled picture performance with exclusive- 
feature equipment of highest quality in which the 
most advanced SSTV techniques are expertly ap¬ 
plied—SBE Scanvision. Here, carefully considered 
design has simplified operation to the point where 
the non-engineer radio amateur can have his SBE 
Scanvision monitor connected and start enjoying 
slow scan in just a matter of minutes. 

Most of the many hundreds of SS TV'ers now active 
on the air agree that the full excitement and enjoy¬ 
ment of SSTV can best be realized only when a tape 
recorder is part of the system. Incoming pics are 
taped for future viewing on SS monitor’—pre-taped 
pictures, scenes, l-D—can be transmitted. So—ex¬ 
clusive!— every SBE Scan vision monitor has a cas¬ 
sette-type tape recorder built-in—wi red-ready to go 
and selectable with panel switch. Here is the ultimate 
in convenience. 

SBE Scanvision is conservative-reliable, with pic¬ 
ture-proved circuitry and is all solid-state except for 
the scope tube in the monitor and the videocon pic¬ 
ture pickup tube, heart of the SB-1GTV camera. Both 
tubes are standard types with predictable character¬ 
istics— not surplus. 

High quality is everywhere evident—throughout, the 
to-be-expected SBE approach—fastidious— profes¬ 
sional, The SBE Scanvision, SB-1 MTV Monitor, com¬ 
plete with casetle recorder and SB-iCTV Camera with 
f/1.9, 25mm lens, connect with patch cable to com¬ 
prise a system. Units are also separately available. 


SEE SCANVISION AT YOUR SBE DEALER 




Fully meets all 
accepted SSTV 
standards. 
Compatible. 


Exclusive! 

Built-in, 

casette-type 

recorder. 

Ready 

Instantly 


Available- 
camera with 
high quality 
videocon for 
"live" or 
"still" pics. 


Camera is 
supplied with 
quality f/1.9, 

25 mm lens. No 
extra charge. 


Monitor con¬ 
nects to Spkr 
or phones for 
receive—to 
mic input for 
transmit 


"Live" SSTV 
pic photo¬ 
graphed from 
monitor. Un¬ 
retouched. 

ISBEI 

LINEAR 

SYSTEMS. INC, 

220 Airport Slvd, 
Watsonville, 

C A 95076, 
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The final chapter covers several of the 
many applications which are realities and 
suggests others to come. 

This first edition book also contains 
appendices on laser safety, range equa¬ 
tions and addresses of manufacturers. 
Finally, the book is rounded out by a 
wide variety of conventional and infrared 
photographs. 

With large-scale, practical light-beam 
communications still years in the future, 
this book on laser injection provides 
valuable research material and is a most 
interesting book for the experimenter 
searching for an area in which he can 
possibly add to man's knowledge. 

The book is 192 pages, soft bound, and 
is available for $5.95 from Comtec 
Books, Greenville, New Hampshire 
03048, This new book is published by 
Howard Sams, 

fm monitor receiver 



E. F, Johnson has introduced a new 
non-scanning fm monitor receiver featur¬ 
ing one-at-a-time coverage of five chan¬ 
nels, Intended for mobile use in the 
150 174 MHz band, the all solid-state 
unit can be powered directly by a 12-Vdc 
power source or from an optional ac 
power supply or field battery pack. The 
receiver features a dual-conversion circuit 
with a crystal filter, 5-watts audio output, 
built-in speaker, true noise-operated 
squelch, external speaker jack and 
SO-239 antenna connector. The receiver 
sells for $119,95. 

More information can be obtained 
from any JrOnsan dealer, direct from 
E, F. Johnson, Waseca, Minnesota 56093, 
or by using check-off on page 110. 


pulse tone circuit 

A miniature thick film hybrid pulse 
circuit chip is now available from Alpha 
Electronic Services. The PT-100 pulse 
chip, when added to an Alpha ST-85 
encoder, creates the necessary time delay 
pulse utilized for pulse or burst tone CTS 
systems, telemetry, radio controls and 
selective signalling systems. 

The Alpha ST-85J encoder is con¬ 
tained in one thick film chip, the frequen¬ 
cy determining network is one thick film 
chip and the entire unit when combined 
with the PT-100 chip makes a very small 
package (7/8" x 1-1/4" x 1/2"), Because 
of the miniature size, it is especially 
useful in handheld radio units or mobile 
units where space is at a premium. 

The thick film hybrid technique is 
especially desirable where exceptional 
long term reliability is required or where 
the high failure rate of reeds is a problem. 

As a complete pulse tone encoder the 
ST-85J, PT-100 is available in any fre¬ 
quency from 20 to 3000 Hz, Temper¬ 
ature range is from -40° to + 10Q 0 0, 
Current requirement is 4 mA at 12.6 
volts, but it will perform within a voltage 
input range of 6 to 24 Vdc, 

Application engineering assistance Is 
available. Contact Alpha Electronic Serv¬ 
ices Inc., 8431 Monroe Avenue, Stanton, 
California 90680, or use check-off on 
page 110. 

transistor tester 

The model 85 transistor tester saves 
considerable time in locating faulty tran¬ 
sistors, In-circuit tests can be made by 
placing the contacts of the tester against 
the printed-circuit board. A tone is heard 
if the transistor is a functioning unit. The 
absence of a tone indicates a shorted or 
open transistor. The unit comes with an 
input extender cable for adapting to 
various lead configurations. The bat¬ 
tery-powered unit costs $17.95. More 
information ts available from Production 
Devices, 7857 Raytheon Road, San 
Diego, California 92111 or by using 
check-off on page 110. 
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/ nnK The cricket is here - 

L* #i and it has the jump on alt the others in its field! 

This law cost kqyer has more features for your dollar than all others in its price range, Even some 
in a higher price range! Go ahead — look around — compare the rest! Then buy the BEST — 
Data Engineering's new CRICKET J. 

• Jam-proof spacing 

• Self-completing dots and dashes 

• Sidetone osc. and speaker 

• Built-in key 

• Relay keys 300 V at 1 amp 

• Keyed time base. Instant start 
. 3.5 to 50 w.p.m. 


"Full-control" weight ratio 
Speed, volume and tone controls 
Transmitter tune switch 
Auto/se mi-auto, switch 

AC powered. Can also operate 
from 12V battery. 


Why don't you get the jump on all the others —- too? 


AT LAST 


A FREQUENCY STANDARD DESIGNED SPECIFICALLY FOR THE FM’ER! 

Now, for the first time* you can be exact with your channel spacing and deviation 

This deluxe marker allows you to check your receive and 

transmit spacing for channels in the IQ, 6, 2. and 1 % * [/■ 

meter FM bands. Markers are at 5, 10. 15, 20, 30, 40, 

50 and 120 KHz, Precision 12 MHz crystal. Osc* and 

Output buffered. No unwanted markers. Rich harmonics -1 

beyond 220 MHz. ■ Jy -y 1 l _ 

$44.50 (Less batteries! I * 


FREQUENCY MARKER STANDARD 

Markers at 5* 10, 25, 50, 100, 200 and 400 kHz. 
400 kHz crystal. No unwanted markers. Latest 
low power ICs. Buffered osc. and output 

$32.95 (Less Batteries) 


MEMORY MATIC 500 KEYER 

Today*s newest and most advanced keyer* 500 
bit/40 character Read-Write memory. Stores any 
message instantly. Near-Full and overload alarms. 
Includes all Space Malic 21 features. 

_ $198.50 


ELECTRONIC FEATHER TOUCH KEY 

The solid-state design detects the mere touch of 
your finger and eliminates such problems as 
contact pounce* proper adjustments and dirty 
contacts. Operates with all keyers. Weighted. 

$22*95, $25.95 (with SPOT Switch Option) 


SPACE-MATIC 21 KEYER 

Instant self-starting, self-completing dots, dashes, 
and associated dot, dash, character and word 
spacing. Adjustable weighting. 3.5 85 wpm. Built- 
in sidetone and speaker, lambic. Dot and dash 
memories. Suitable for use with all standard keys. 

$89.50 


Send for brochures 
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three-band scanner 



A programmable, three-band scanning 
monitor receiver covering 25 to 50 MHz, 
140 to 174 MHz, and 450 to 470 MHz 
simultaneously# is now available from the 
Pace Communications division of Path- 
corn Inc* 

The receiver can be programmed easily 
for monitoring any combination of eight 
channels in the high band vhf, low band 
vhf or uhf frequencies* The unit, desig¬ 
nated the SCAN 308# holds up to 16 
different channels. With simple switch 
controls the unit can give visual readout 
for up to eight channels at one time. It 
was designed to meet the growing need 
for multiple channel monitoring by ama¬ 
teur and public safety personnel. 

Pace's new SCAN 308 has a wide 
frontend design so that one model, tuned 
at the factory, can be easily retuned for 
extreme field conditions. Technical fea¬ 
tures of the new model include a unique 
JC and fet transistor complement to 
provide versatility of broad band adjust¬ 
ments while still maintaining good selec¬ 
tivity and sensitivity* Rear panel pro¬ 
gramming switches select the desired 
combination from 16 internal crystal 
sockets. No internal wiring need be 
changed. Front panel control lights, with 
lock out controls indicate which channel 
is being monitored* 

Built for both 12 Vdc mobile opera¬ 
tion and 110 Vac home use, the SCAN 


308 is provided with ac and dc power 
cords, a locking mobile mount, non-slip 
desk mount, telescoping antenna and 
built-in speaker. There are provisions for 
external remote speaker as well as ex¬ 
ternal antenna connections. The wood 
grain styled metal case makes an attrac¬ 
tive desk console. 

This unique three band simultaneous 
scanning monitor sells for $189.95. This 
model is manufactured in the United 
States and carries a complete two year 
service warranty on parts and labor. 

For more information consult your 
local Pace registered sales outlet, write 
directly to PACE, Box 306, Harbor City, 
California 90710 or use check-off on page 
110 * 

fm frequency standard 



Data Engineering is offering a ready- 
built frequency standard designed speci¬ 
fically for the fm enthusiast. The unit 
puts out markers at 5, 10, 20 f 30, 40; 60 
and 120 kHz throughout the 1Q-, 6-, 2- 
and 1 ^-meter bands. 

The unit can be easily calibrated 
against WWV with an adjustment through 
the front panel. Completely self-con¬ 
tained, the unit is designed for precise 
frequency output, cancellation of un¬ 
wanted markers and usable output above 
220 MHz* 

Calibrated against WWV and with a 
built in battery holder for four C cells, 
the unit sells for $44,50 and carries Data 
Engineering's five year guarantee, For 
more information write to Data Engineer¬ 
ing Inc., Box 1245, Springfield, Virginia 
22151 or use check-off on page 110, 
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One-Stop " Shopping" 
tor Everything You 

Want in a 

YA TRI-BANDER 


QUAD 


N 4 Why shop around for, and put together, bits 

^ / and pieces of a tri-band, two-element quad at 

/ y y^ greater cost particularly when—after all is said 

y/ and done-Hy-Gain's complete Hy-Guad delivers 

/ superior performance? 

/ Yes, Hy-Quad is the only quad that is complete; and here 
are some of its features: 

* Aluminum construction that is made to stay up. 

* Spreaders broken up at strategic electrical points with cycolac insulators 

* Individually resonated elements with no inter-action, 

* Only one feed line required for all three bands. 

* individually tuned gamma matches on each band with Hy-Gain exclusive vertex 
teed. 

+ Full wave element loops require no tuning stubs, traps, loading coils or baluns 

* Heavy duty mechanical construction of swaged aluminum tubing and die-formed 
spreader to boom clamps 

* Extra-heavy duty universal boom-lo-mast clamp that tilts and mounts On any 
mast 1 W* to 2 1 #' in diameter. 

If you really want a big signal, buy one at the best distributor under the sun. He's 
the one that stocks Hy-Gain, 

SPECIFICATIONS 

Overall length of spreaders ......305" 

Turning radius...........13'6" 

Weight ..„.....42 tbs 

Boom diameter........*2" 

Boom length........„(T 

Mast diameter......*........to 

Wind survival..............................100 MPH 

Forward gain, 8,5 db 

Input impedance ,,—....---..,52 ohms 

VSWR.„___,,_............___.,1.2:1 or better at 

resonance on all bands. 

Power...........Maximum legal 

Front to back ratio......-....,25-35 db depending 

upon electrical height 


Order Number 244 


Ham Net $129,95 




FOR THE 
STRONGEST 
SIGNAL UNDER 
THE SUN' 


THE HY-QUAD from HY-GAIN 

HY-GAIN ELECTRONICS CORPORATION 

P, G. Box 5407-Wl r Lincoln, Nebraska 68505 
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solid-state electronics 

Today, the technician is expected to 
assume technical responsibilities that 
formerly were controlled by engineers. As 
a consequence, the valuable electronics 
technician, often called an Associate En¬ 
gineer, must have more than a superficial 
knowledge of the popular solid-state com¬ 
ponents now in use. The main objective 
of “Solid-State Electronics/' is to help 
technicians meet this challenge, George 
Rutkowski, the author of this new book, 
not only discusses the fundamentals, but 
also develops the student's ability to 
select proper design components for 
solid-state electronic circuits. 

The book begins by explaining com¬ 
mon semiconductor materials. Other 
chapters discuss zener diodes, junction 
transistors, SCRs, fets and ICs, 

A modified programmed style is used 
throughout the book. Each point dis¬ 
cussed is followed by at least one worked 
example. The student is encouraged to 
work each sample problem before re¬ 
ferring to its solution. The answers to the 
odd-numbered, end-of-chapter problems 
are provided at the end of the book. 
These problems, with the examples, make 
this book a highly-recommended source 
for either self-study or classroom use. 

“Solid-State Electronics Laboratory 
Manual" has been written by Jerome E. 
Olesky to accompany “Solid-State Elec¬ 
tronics" to enhance its value as a study 
course. 

“Solid-State Electronics" is 616 pages, 
hardbound and costs $15.50. “Solid-State 
Electronics Laboratory Manual" is 144 
pages, softbound and costs $4.50, Both 
are published by Howard W. Sams and are 
available from Comtec Books, Greenville, 
New Hampshire 03048. 

theory course 

Ameco Publishing Corporation has 
come out with a profusely illustrated, 
448-page course for the first and second 
class FCC commercial licenses. Broken 
into 21 lessons, the book is logically 


arranged so you can study for the second 
class license and then use the same book 
to progress towards the first class. The 
book is quite comprehensive, includes 
practice tests and deals with over 600 
FCC type questions. 

The softbound book, catalog number 
15-01, is available for $5.95 from Comtec 
Books, Greenville, New Hampshire 03048. 

counter and display 
modules 



A new series of counter and display 
modules is available from Display Elec¬ 
tronics. The CM series modules include a 
decade counter, latch, decoder-driver and 
readout for each digit. Standard modules 
are available with from two to six digits. 

All ICs are 7400 series TTL with a 
typical minimum counting rate of 18 
MHz. The modules operate over a temper¬ 
ature range of O ' to 70° C. Lamp test and 
zero blanking functions are provided. A 
single 5-Vdc power supply is required for 
logic and readout. The readout tube is a 
seven-segment incandescent type with a 
character nearly one half-inch high. A 
piece of non-glare polarizing filter mate¬ 
rial is furnished with each module. Com¬ 
ponents are assembled on a G10 fiberglass 
PC board, A rhodium plated edge con¬ 
nector is provided in addition to solder 
terminals. 

The price of a typical four-digit 
module is $79.00 in single quantity. 
Custom designed modules are available on 
special order. Further information is 
available from Display Electronics, P. O, 
Box 1044, Littleton, Colorado 80120 or 
by using check-off on page 110. 
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FEATURES 

Instant band change without tuneup. 
Instantaneous digital frequency readout 
IF shift control. 

Buift-in pre-IF noise blanker 
AM popular modes of operation. 
Transceiver-plus-receiver operation. 

Hang AGC levels out wide swings in signal 
strength. 

All ham bands from 160 through IQ meters 
RF envelope clipping provides matchless 
talk power. 

Metering of all critical functions. 


SJGNAL/ONE CX7A 

IN STOCK FOR IMMEDIATE SHIPMENT THROUGHOUT THE WORLD — 
REALISTIC. GOOD TRADE-INS WELCOME . . . CALL OR WRITE BARRY, W2LN1 


when the overload is removed new, $24,95 

MODEL lQ4Rv is a regulated power supply with 
the same electronic overload protection as the 

model 102, MODEL 104R .new H $34.95 

MODEL 1Q7M is a heavier duty supply with the 
same features as the 10w but puts out 6 amps 

nnw J27 0*5 

INVERTER/CONVERTER; 

MODEL 612 is a special purpose unit to provide 
12 VDC negative ground power in automobiles 
with either 6 volt negative ground or 12 volt 
positive ground. 10 amp surge, 3 amp contin¬ 
uous ...... new, $22.95 

HONEYWELL 

0-25 VDC Voltmeter .._....__.„new + $3,95 

MtSC 

COLLINS 30L-1 ... xlnMRound Decal), $350.00 

AUTRONIC KEYER ...._. new, $ 79,50 

SBE SB 36 TRANSCEIVER new, $895.00 

G PR-90 RECEIVER __ good, $275,00 

HEATH SB-300 RECEIVER good, $150.00 

JOHNSON KW MATCHBOX' mint. $105.00 

JOHNSON 2SOW MATCHBOX mint, $ 90,00 

gladding 25 new, $ 249.95 

GLADDING POWER SUPPLY new, $ 69,95 

GLADDING 25 with PS new, $299.00 

'without Coupler (swr) 

2 METER VMF DUMMY LOAD/WATTMETER 
Good up to 15 watts — w/SO 239 CONNECTOR 

$19.95 

ANTENNAS 

2M MAGNETIC MOUNT w/RG5& A PL259 

$ 9.95 

AR-? RINGO ...... . $ 13,50 

AR-25 RINGO (KW RINGO) .... t 17.00 

DI-2 DIPLOMAT .....$ 13.35 

12AVO VERTICAL _____ $ 29.95 

14AVQ/WB VERTICAL __ $ 47.95 

19AVT/WB VERTICAL $ 69.*15 

TH3Mk3 10/20/40 BEAM $144.95 

A144-7 2 METER BEAM . $ 13.95 

AM of the above antennas are in stock here. In 
addition, we can order any antenna made by 
Antenna Specialists, Cush Craft, Hy Gain, Mos¬ 
ley or Newtronics, 


new, 


new 


DX ENGINEERING 
SPEECH COMPRESSORS 

DIRECT PLUG-IN FOR COLLINS 32S $79,50 

DIRECT PLUG-IN FOR KWM — 2 $79.50 

DIRECT PLUG-IN FOR DRAKE TR3 OR DRAKE 

TR4 .—....$98.50 

HEATH HW-101 w/AC & DC P. S. all MINT 

all @> $350 00 

C D HAM '*M“ ROTATORS, new, complete $99.95 
HAM "M" CABLE 0 12f/ft. 

RG8A/U — 65 feet with PL-259 
CONNECTORS ON EACH END $9.50 

C D, TR-44 ROTATORS, new. complete $63.95 
CABLE FOR TR 44 ..... 6*/ft. 


CASH PAID . . , FAST! For your unused TUBES, 
Semiconductors, RECEIVERS, VAC, VARIABLES, 
Test Equipment, ETC. Write Or call Now! Barry, 
W2LN1. We Buy! 

We ship all over the World. DX Hams only. See 
Barry for the new Alpha 77. 

□ Send 35Y for 104 page catalog #20. 


BARRY ELECTRONICS CGRP. 

DEPT. H-9 — PHONE A/C 212-925-7000 
512 BROADWAY. NEW YORK, N* Y. 10012 
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RIGHT 

NOW! 


Delivery from stock ... no waiting 
FACTORY TO YOU 
Prepaid delivery by UPS 

... no waiting ... no expense 


ORDER DIRECT: ONLY $ 239.95 

* 12 Channels 

You don't m-ed 12 channels yet? Vmi will! You 
will! 

* Tweak BOTH xmtr & rtvr 

Big deal? You’ll know it is if you net a set when 
yuu can't Mill the receiver. 


* Front speaker 

Most sets have the speaker aimed up under the 
dash or at your feet with the result that yc»u can't 
hear duklvfy lie tins. The tnmt speaker cun he 
heard* even when yon are driving. 

• 10 watts. 

Also CJ. 1 and 1 watts, switch able. Big deal? Have 
you thought how easy it is to make this little set 
into a shoulder unit with a small buttery pock? 
The low power petition is excellent for this. 

• Very, very small. 

Tiny, in fact. Mounts anywhere. 

* Minimum adjacent channel Interference. 

The ceramic filter t-limimites most adjacent chilli- 
nel spillover. You may not appreciate this unless 
you've tried a couple of other sets and found them 
unusable anywhere near u strong signal. 


• 5-meter. 

Big deal? How many sets in this price bracket 
hove an S-meter and power output indicator 
meter? The 5-meter is very handy. 


« Include*. 

Matching mike, mounting bracket* etc. 

• Available with tone burst encoder* 

Built in and tested. 

Boss A White also makes these tone hurst units 
and sells them. Send for prices and info. 

• Can you do without this terrific FM unit one 
more week? 


Don't miss any more of the fun on 2m. Instant de¬ 
livery, prepaid I 

ORDER RIGHT NOW! 

Also available with built in tone hurst encoder: 

$279.95. 

We accept Bank Americti rd. 

* J 

i! ROSSiiihfte 


Since J9J? 




electronics 


company 


50 W DUNDEE RD , WHEELING. ILL 60090 
312/537 0060 _J 


shortwave preselector 





The first in a series of specialized 
products for the forgotten short wave 
listener has been introduced by Gilfer 
Associates, Inc* This product is a pre¬ 
selector to enhance weak-signal reception, 
improve the signal-to-noise ratio in many 
short wave receivers and virtually elimi¬ 
nate images in single-conversion short 
wave receivers* 

The Model A-20 PreSelector tunes the 
single range 3*9 to 22.5 MHz. Connected 
between the receiving antenna and short 
wave receiver, the A-20 has a noise figure 
under 2*0 dB and a gain of not less than 
18 dB* The gain is variable with a front 
panel control from near signal cutoff (-40 
dB) to the maximum, A slow motion 
calibrated dial permits setting the A-20 to 
the peak of its passband (not less than 
200-kHz wide at the -3.0 dB points)* The 
A-20 is powered by 117 Vac with trans¬ 
former isolation for safety* To ensure 
maximum flexibility, toggle switches are 
provided for antenna selection and pre¬ 
selector in/out option. 

The attractive, compact unit sells for 
$49*95* More information is available 
from Gilfer Associates, Inc*, Box 239, 
Park Ridge, New Jersey 07656 or by 
using check-off on page 110* 


fm receiver kit 

Hamtronics has come out with a new 
fm receiver kit for the 6 or 2 meter 
amateur bands or the adjacent com¬ 
mercial frequencies* The kits feature a 
small size circuit board, low-noise pro¬ 
tected mosfet frontend, 1C limiter/ 
detector, one-watt audio output stage, 
narrow-band ceramic ladder filter, post- 
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tive acting noise squelch and built-in test 
features* 

The unit is powered by 13,6 Vdc. An 
optional adapter turns the standard one- 
channel unit into a six-channel receiver. 
The builder supplies his own case, con¬ 
trols and speaker and must drill the board 
himself* This allows custom installation 
of the board in home-built transceivers 
and keeps the cost of the kit down. 

The receiver board kit is $54,95, The 
six-channel adapter is $9,95, Discounts 
are available to clubs and dealers. More 
information is available upon receipt of a 
self-addressed stamped envelope to Ham- 
tronics, Inc., 182 Belmont Road, Roches¬ 
ter, New York 14612 or by using check¬ 
off on page 110, 

transistor substitution 
handbook 

The engineering staff at Howard W, 
Sams has produced the twelfth edition of 
their popular JI Transistor Substitution 
Handbook/ 1 This latest edition is an 
up-to-date guide providing the reader 
with over 100,000 transistor substitu¬ 
tions, To guarantee the most accurate 
substitutions possible, the electrical and 
physical parameters as described in the 
manufacturers' published specifications 
for each bipolar transistor were fed into a 
computer; then each transistor was com¬ 
pared with all the others. Consequently, 
transistors which matched within pre¬ 
scribed limits are listed as substitutes. 

Section 1 contains substitutions for 
both American and foreign transistors 
which are arranged in numerical and 
alphabetical order. Types recommended 
by the manufacturers of general-purpose 
replacement transistors are included at 
the end of each list of substitutes. Addi¬ 
tional data on these general-purpose re¬ 
placement types — the manufacturer, the 
polarity, the material (germanium or sili¬ 
con) and the recommended applica¬ 
tions — are reviewed in Section 2. 

This handy and comprehensive book is 
176 pages, soft bound and sells for $2.25. 
It is available from Gomtec Books, Green¬ 
ville, New Hampshire 0304S, 



NC 

10213 

5707 


Ltnqph t V 0 
Wid!* 10" ^ 

HI 


MATCHING RESISTIVE TERMINATIONS 
FOR EASY SWITCHING OR INTER¬ 
CHANGING IN YOUR CIRCUIT 


W* flill havff hundreds of tu'plul CJrtldl Mleri and 
ducrim.uaPori. SEND CARD FOR FRE E NtW CAT¬ 
ALOG OF new AND SURPLUS filters and CORES 


PRICE 


RATlQlXTALS 

GO 


TYPE 
N 0 


N0FM 


CrtiiPdl Dittnftunolor fOf ult wide or ROr'd* oond f M 


Buildtrt Special TX-IOlKlt 
[ 7]T-6B-a.laVT‘50-2 S.OO 
T- 200-2 BALUN KIT A 50 


j, T. mccullough washg 


E.S. Electronic Labs 


P.O, BOX 4 34 EXCELSIOR SPRINGS, M0. £4024 


NAVY 0CT'3j FM Receiver type, freq, range 1 id 2 6 MH t 
in 4 bands, tom. Iuni rug* Crystal calib. Reads up to 1500 Hz 
deviation on built-in VTVM. Cost SHOO.00 each! In 
original box, with instruc. book & cord, fob Mariposa, Cat. 
Min. signal needed: 15 nw. Shpg wt 110 lbs, .. 49.50 

' HIGH-SENSITIVITY WIDE BAND RECEIVER" 

COMMUNICATIONS . BUG DETECTION 
* SPECTRUM STUDIES 

38 1000 MHZ AN/ALR.S: Consists of brand new tuner/ 
converter CV-253/ALR In original factory pack and an CMC, 
used, checked OK & grid main receiver R-444 modified lor 
120 v. 50/80 hr The tuner covers the range in 4 bands; 
each band has its own Type N Ant, input. Packed with each 
tuner is the factory inspector's checkout sheet. The one we 
opened showed SENSITIVITY: 1.1 uv at 38-4 mhj H 0.9 at 
133 mhi. 5 at 538 mhz, 444 at 770 mhz, 7 at 1 ghz. The 
receiver is actually a 30 inhz IF amp), with all that fallow*, 
including a diode meter lor relative signal strengths; an 
atten. Calibrated In 6 db steps to —74 db, followed by an 
AVC position; Pan., Video & AF outputs; switch select pass 
of ±200 khz or ±2 mhz; and SELECT AM or FM! With 
Handbook & pwr. input plug, all only _ _..375.00 

CV-253 Converter only, good used, w/book. ....,99.50 

We have SP-MIfkJX, R390, WRR.2 Receiver*, Ask I 

REGUL PWR SPLY FOR COMMAND, LM, ETC. 

PP-106/U: Metered. Knob-adjustable 90-270 v up to 80 ma 
dc; also select an AC of 6J v 5A, or 12,6 v 2Vj A or 28 v 
2Vz A. With mating output plug & all tech, data, Shpg. wt, 

tn i hr 19 >tn 

BARGAINS WHICH THE ABOVE WILL POWER: 

LMFreq. Meter: 125-20 MHz, .01%, CW or AM, with 
serial-matched calib. book, tech, data, mating plug. Shipping 

wt, 16 lbs #■ pi--- > -i H >-i-<--hh4^ai-H|.. «J-■ ■-■ , ■ -i-»nir i-:nmBBi-iir -3 * + 50 

TS-323 Freq. Meter: 20—480 MHz .001% 49.50 

R23A/ARCS Command q*5'er 190-550 KHr, exc. cond 16,95 
A,R,C. RlSfMlL R-509) Command, 108 135 MHz, new 17,50 

NEMS CLARKE #1670 FM Rcvr 55-260 MHz 
I ^ke Ftev, ............ _.... . ....... .—.^....... . .,............ 

WWV Rcvr/Comparator 2^ — 20 MHz w/*cope 250.00 
Empire Devices NF114 RFl meter is a red-hot receiver 
from 150 KHz to 80 MHz, ... ..295 00 

Attention! Buyers, Engineers, Advanced Technician*; 

We have the best test-equipment & oscilloscope inventory 
in the country so ask for your needs . . * don't ask for an 
overall catalog * , * we also buy, so tell us what you have. 
Price it. 
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When you want 

an authoritative , 

up to date , ^ T M 

compfete, II I H 
reference *4 ■ 

/fs f/ie CALLBOOK 

uou hnooi it 

_ r\v Editions lists 

The U. S. a amateu rs throughout 

licensed radio am valuab ,e 

the world P'us^ma y charts & 

features ’ n ^ d .' ne d t0 P make your 
tables all desig d more 

operating more efficient 

fun, 

PLUS 

Ne« this year! service 0 t 

A special subsc p three 

one baS, H-r-nns one issued every 
service editio . com , 

three m onths ^ ss thari half 

ptetely phasing tour com* 

01 tPe riH BOOKS as before. You 

SS “« - sBy bett " 

informed* Over 285.0GG QTH's 

m the U S. edition 
Complete for 1972 U S. 

^ CALLBOOK subscription 



_ ■' T ■ **r 4-ff 4 LJ.a. 

CALLBOOK subscription 

just $14.95 

U,S CALLSOOK (or I97J 
(less service editions) 

$8.95 ^ 







^3£ts: 


I l V 


Over 100.000 QTH*s 
in the DX edition 
Complete for 1972 OX 
CA LL E 00 K s ii bs c rip tion 

Just $11,45 

DX CALLBOOK for 1972 
(less service editions) 

$6.95 


* 

w 


See your 
favorite dealer 
or Send today to 


(Mail orders add 25c per CALLBOOK 
for postage and handling) 


r ■*—u b 


FR £t oC 

BROCHtlP E 



callbook INC 

Dent F 925 Sherwood Drive 
LakeBJuff, JIL 60044 



I A New Magazine? 

Not really. New in the U.S.A. perhaps, 
but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu 
sively construction material. Clearly writ 
ten, concise articles give you full details 
on: 

* Audio Construction Projects 

* Receiver Constructs Projects 

- Transmitter Construction Projects 

- Test Equipment Projects 

* Radio Control Projects 
* * - and much more 

Try a subscription to this interesting | 
magazine, we are sure that you will not 
be disappointed, J 

ONE YEAR SUBSCRIPTION — $7.00 ) 

Write 

RADIO CONSTRUCTOR 
Greenville, N. H. 03048 ) 


WARNING! 

HAM RADIO 
SUBSCRIPTION RA TES 
ARE GOING UP. 

SUBSCRIBE OR EXTEND NOW 
AT TODAY’S LOW RATES 
1 YEAR , . . $6.00 

3 YEARS . . $12.00 

Offer good only until 
October 15, 1972 

(December 31, 1972 foreign) 


HAM RADIO MAGAZINE 

GREENVILLE, N* H. 03048 
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FANS 2nd BLOWERS - NOISELESS 

AJt motors. 115/l25v 50/60 cycle. 

100 CFM Rotron Muffin fin. Motor Uw. ( 2 n dia. 
\ l A n dNp; 4 thin plastic mounting strips, 2" 
long. 5%'' mounting centers. Metal shroud re¬ 
moved, NO housing. 2 LBS, UNUSED, tested- 

operative. 4/518.50; each |5,00 

50 CFM fans, HOWARD 4 shaded pote, PM, 
brush levs motor, 12W. 2tt" * 2%" * 2 l A" ln- 
eluding blades. 4 nylon blades 4" dia 2 LBS. 

4/58,50; each 52,26 
50 CFM blower. Motor as above but 16w, 2 3 A ,f x 
2Vt n k 1 Vi tr + 1 l A ft for impeller. Housing 
3>4* dia; input hole l 1 /*" dia,; output l ] A ,f x 
1%' # 3 LBS. USED, tested, operable, clean. 

4/513.25; each 53.50 

U+rnury Wetted Relay. CLARE #H G2AIQ08. 
Coif 9 v DC nominal; operate from 6 to 14v DC. 
OP'iT. l%ft dia. 3%" h. -J- W* octal plug in 
lUi, NEW. 4/516.50; each $4.50 

COMPUTER CIRCUIT BOARDS 

Made in late 1968, with test and acceptance 
Stamps. NEW. Epoxy glass. AV 2 ,f x 7 1 /?" -f Yt rt 
for gold slide-m connections. Vi LB. 

#1} HAS 276.480 KC CRYSTAL; 2 *6818. i 

$6504 & 1 S6742A Tl ICs; 6 p2N3053 transis¬ 
tors; 11 other transistors; I asst'd diodes, re¬ 
sistors, capacitors. 4/513-25; each 53-50 

#2) 1 #2N3055 POWER TRANSISTOR, on heat 
sink; 6 #6746A transistors, in heat sink; 19 
other transistors; 1 transformer, 4 Hehtrjm 
minature trim pats; -J- diodes, resistors, capac¬ 
itors. etc. 4/510.00; each 52-75 

#3) 10 TRANSISTORS; 4 Helitrim; + diodes, re¬ 
sistors, capacitors, etc, 4/57.50; each 52.00 

All prices are NET, FOB store, Chicago, PLEASE 
include sufficient to cover postage. Any excess 
remitted, returned with order, Illinois deliveries, 
add 5% saies tax. 

R 508/ARCO12 |R19 Converted to automatic 
squelch); 115-148 MHz a.m. command receiver. 
Very excellent used, as removed form aircraft, 
Internally complete with 9 tubes — 3/9003; 
1/9002; 1/14A7; 2/14R7; 1/14F7 & 1/12 A6; 

315MHz IF, etc. 10 lbs. 58-50 

DY40A, 24 v. dynamotor, for above, $3.00; with 
purchase of receiver $2.50, Schematic diagram; 
and wiring diagram with parts identification list 
50c; with purchase of receiver 30c. 

NO OTHER ACCESSORIES AVAILABLE 

BC ELECTRONICS — c/o BEN COHN 

MAILING ADDRESS 


1249 W. Rosedale Ave., Chicago, Illinois 60660 

Store address: 5696 N. Ridge Ave., Chicago, lit. 
60660. Hours: Wed. 11 a.m. to 2:30 p,m r - Sat. 
10:00 a.m. to 2:30 p.m. Other tunes by appoint¬ 
ment 312-784-4426 A 334-4463 


WORLDS ONLY WEEKLY DX MAGAZINE 

DX NEWS IS OUR BUSINESS 

THE DX'ERS MAGAZINE 

(Gus M. Browning, W4BPD) 

Drawer "DX” 

CORDOVA, S. a 29039 

WE ALSO PRINT QSL CAROS - FREE SAMPLES 
& PRICE LIST UPON REQUEST ■ WE PRINT 
ALMOST ANYTHING ELSE YOU NEED TOO - 
PRICES RIGHT 


TYMETER* Ifc 


DIGITAL CL PCX V 



CLOCK 


“ 100-24H 


:T5 ° 9 '3 


16 


At Your Dealer, or 
DIRECT FROM 


Walnut or ebony plashc cote, 
A H, 7»/ 4 W, 4 D* MOV 60 
cy, Guaranteed One Year. 


PENNWOOD NUMICHRON CO. 

DIVISION OF tCA CQJTAQIIATION 
fRANkSTOWN AVI PITTSBURGH PA IW0B 


UTC CC-305 TRANSFORMED 105, 110/210, 770 Primly and 
4000/3500 VCT Second ir T 300 MA CCS, Sur&ilH 545.00 
TRANSFORMER, 4000 VoUv Crnttr Tapped, 110/770 Pnffljrj 
f*t*d nl 500 WA CCS in FWCT tirtuiL Nr* 505 00 

CHOKE, 10 H*ntp 500 «A CCS 5 KV mvulal ion S34.00 

CAPACITOR, 14 MFD 2500 Vein, wrplut itiitd $t 00 

AH Hrtnt ncl iptofirtf it vurplui art brand new iumi ftuirtufac- 
lurfli to our tfftiiirauwit. The dibove liemj eon be uud tn a 2 Kv 
500 MA CCS supply far repf.ner uvt Shipping ft HI be cfttaptil 
way toHeci unless iprcilled. 

GARLfrj COMMUNICATIONS, P. 0. 312, Katonah, NY. 10S36 


Many thousands of you have be* 
come very familiar with the vari¬ 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com¬ 
munication. 

It includes numerous technical 
and construction articles in addi¬ 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga¬ 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out¬ 
going QSL Bureau) for $9.95 a 
year. 


Greenville, New Hampshire 03040 


More Details? CHECK-OFF Page T 10 
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FM TRANSCEIVER under $100.00 

Easily assembled solid state modules for VMF-FM construction. Kits include predrilled and 
etched G 10 circuit boards. The four receiver modules measure 1V 2 x 4 inches, transmitter 
module 2 * 6 inches. 


- RF-144, RF 220 

A high gain low noise front end using dual gate 
zener protected mosfets. Sensitivity better than 
.5 microvolts. Over 40 db gain with 55 dt) 
image rejection. (Slightly less at 220). Makes 
an excellent converter with the addition of an 
output coil. 

• IF-107 

A 10.7 MHz JF amplifier and 455 kHz converter 
using two 1C*. Double tuned 10.7 IF cans, in¬ 
sure excellent image rejection. Over all gain is 
better than 50 db, Second oscillator crystal 
controlled. (Crystal supplied) 

p FM-455 

A 455 kHz tF amplifier, limiter, FM detector, and 
audio preamplifier using two 1C*S. Double IF 


cans insure a sharp IF response. Limiting 
starts at 20 microvolts and a 5 kHz deviation 
signal will provide over one volt Output. 

* AS-1 

An audio amplifier and squelch using two IC's, 
An input of .1 volt will drive a 4^8 ohm speaker 
to one watt. The noise operative squelch cir 
cuit provides a gating voltage for the FM‘455 
boa rd. 


* TX 144 or 220 

144 or 220 MHz transmitter with better than 
one watt output on 12.6 volts. Audio limilmg, 
active filter, and adjustable deviation to 10 kHz. 
Contains one 10 and four transistors, seven 
tuned circuits for clean output. 


Complete receiver parts kit including drilled and etched circuit board 159.95. Complete trans* 
milter kit 139.95. Ten watt power amplifier kit $29.95. Prices do not include crystals. 146.34, 
146.52, 146,94, 220-9®, or 224.98 receive or transmit crystals $4.00 each. 

Kits shipped within twenty^four hours. Wired and tested units allow two to three weeks de^ 
livery. 


VHF ENGINEERING - W2EDN 

1017 CHENANGO STREET 

BINGHAMTON, NEW YORK 13901 


JEFF-TRONICS 


SURPLUS ELECTRONICS 

TUBES 

PARTS 

SEMICONDUCTORS 
TEST EQUIPMENT 


TOP QUALITY - LOWEST PRICKS 

NEW CATAL OG - $ .25 HANDLING 

JEFF-TRONICS 

4252 Pearl Rd., Cleveland, OH 44109 


EK 404 DELUXE KEYtR S1Z4.96 

• ALL THi F t ATUFtfS YCMJVI ASK 
ED TOR 

• H^Vm AMD J 1 JVrtf 

• lUADJAh lirjCOAfvDUAn 
<*?J OST FOR filVK# OF «» 

I LA 9 EK402tnOCnAHMAfLI 

KEY in 

.„««— A. 


CLECTflO 
oevicEs *.>. 



O:© 

s* $ 



READOUTS $ 3.00 

7-SEGMENT 5 VDC 

Long life incandescent tube Vz inch high 
character. Drive with 7447 1C. Write for 
complete list including polarizing filters, 
complete counter modules, many more 
items. 

Display Electronics uttletqn^co ©0120 


Your Call Letters On . . . 

Personalized 

CUSTOM MADE JEWELRY* 


4?' '4 


INSIGNIAS AND INITIALS ON REQUEST, 
All Finishes Unconditionally 
Guaranteed For One Year 
24K Gold or Silver Finish 

PRICES; 

SETS .. $5.50 

SMALL TIE CLASP 2,50 

LARGE TIE CLASP .. 3.50 

LOCKET . 3.25 

EARRINGS ......— 3.50 

BRACELET 3.75 

# SIZES AND SHAPES MAY VARY, 

Add tax to above prices. 

Calif, Sales . 5% 

M. O, or Check 

HOBBY JEWELRY 

13407 SHOUP AVENUE 
HAWTHORNE, CALIF, 90250 
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MILITARY ELECTRONICS 


24 PAGES, crammed with Govt Sufplut Electro nic Geo* * the 
httyoin kyt in Amedeo I It *Slt pay yw to j SEND 2Sf | 
lor your co py - Refunded wirtt four !fnf ordor, 1 
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AtC-5 VHF RECEIVER. TRANSAHTIHL MODULATOR 100-154 Mhi 
R-20 RECEIVER with lubei and cry.tol P 

Excilltni Uad tM ff««f>M<<M $19.50 

t-23 TRANSMITTED «IRt tubs and ciydali. 

Brand Npi in Original Carton.... $23.50 
MD-? MODULATOR -ifk lub*i, 

L»Cffli#nf Ubed **. 510*50 

Sti of Piuai for M0-7 . . . 1 8*50 


BC-645 TRANSCEIVER 

EASILY CONVERTED FOR 420 MC OPERATION 

Hill 


'fe 


to* BRAND MEW, complete 
"5“ with IS tub*, l*u dyn- 
MOBILX afno,ef °t>d KctHorid, 

tl$l 1* aHginal factory Carton 


~£M 6 


FREQUENCY RANGE: About <35 to 500 Me. 

TRANSMITTER h« 1 tubei: WE-316A, 2-6F4, 7F7 
RECEIVER has II lutrti: 2-955, 4-7H7, 2-7U, 3-7F7 
RECEIVER t.F.: 40 Me* 

StZE: 10*/2" n 13V2 P *< V2 p a *p» Wt 25 lb*. 

Superb quality conpontnTi and clfCultry, Idigl for the 
experimenter, Mony fobutoui experiment!, for Momplt; you can 
torn Hue i o Yogi onliaig for the 420 Me bool ibot will product 
a gain of 10 db and yet fit on your operating deik I 

ACCESSORIES FOR BC-645 

MOUNTING for BC-645 Troniceiver .....11-50 

PE-101C DYNAMOTO*, 12*24 Volf*, 

{•aii ly t(Htvirl*j to 6 wqIh) ■ ..... 7,W 

MOUNTING few PE-lDlC Dynamo tor . .,.*. 1.00 

UHF ANTENNA ASSEMBLIES^' of 2), per let .., 2 -95 

COMPLETE SET OF II CONNECTORS. 5.95 

CONTROL BOX 1C-644.-....,.**. 2,95 

MOUNTING for BC-444 Control Box ,. *... 1.00 


SPECIAL "PACKAGE" GFFEK: 


SPECIAL PACKAGE OFFER: 

BC-645 Tro>n*toivef, Dyry^notor and 
all kchwIm above, COMPLETE, 
BRAND NEW, Whit* $tpcki Lott. ... 


*26 


95 


HEADSET Low impedance* With large chomoit *ar cushion** 
4-H cord and plug. Reg. (12.50. Our Special Price 

Leu *4' cwthioru r . * *..,**...*, S 1*95 

High impedance adaptor for above,** S *69 


SCR 274 N, ARC 5 COMMAND SET HQ! 


Fr«q. 

flinit 

RECEIVERS 
190-550 Kc 
69 1 Me 
1 5 3 Mr 
T RAM S M J n £ PS 
4-5 3 Ml 
S I J Me 
7 9 1 Me. 


Type Ire, 

Compltr* Uhtd 
with Tube* 

BC453 $16 95 

BC <56 — 

H 25 — 

Camp till Milh T uh*t 
OC *5? Jfl '>5 

HC*58 $8 95 

BC-*59 


$7 3 50 
S1H 50 
119 50 


%27 W 


BR*hlO 

New 

$77 50 
$7? 50 
171 50 

$11 95 
HI 
J* 1 * 50 


APN-1 FM TRANSCEIVER 400 450 Me. 
Freq. modulated by moving coil trans¬ 
ducer. Easily converted for radio con¬ 
trol or 70 cms. Complete with 14 
tubes, dyn, BRAND NEW $9.95 




AN/APH-4Y FM h AM RECEIVER 

"FB ,p for Satellite Tracking! 

High precision lab instrument, for monitoring 

and measuring frequency and relative Signal 
Strength, 3B to 4000 Me* In 5 
tuning ranges. For 1J Ov 60 
cycle AC. Built-in power supply. 

^P«l Original circuit diagram includ- 
ed. Checked out* Perfect. 

Hnihlinc LIKE NEW «*«*» 

^^<ip | ipilV All tuning units available for a- 

bove. Price upon request. 


TG-34A COD! KEYlR. »lf-coefained r au+omoNc, 
reproduce* todf practice ilgnafi front pap* lop*. 

5 to I? WFM l^llMn ipeaker, Brand n*w w!6 lock 

MOr-Krtl* nAewp reef and AC line card. *+. $24.50 

Cod* ju ratHt* top *i for obey* f,U,t, 

BC-1 706-C ftICtIVER Aircraft Beacon R*- 

catver 200 la 400 Kc, Operate* from 24V DC 1 ,5A, 
Condnuam hming, vol control, on-off iwltch and 
phone jock, V*ry ien«itiv** Compact. 

Complete wilk label, NEW,,., ., $12.50 


DIMNDAIU 
TWO WAT 
COUMUHICATIOH 
MOM rHAM 

11 MILES' 



BC 603 FM RECEIVER ^ 

Convarf*d for 35—50 Mh c, 10 pile' pirtfitwRon 
chonn*ii or n%uouol luring* Complete Ts \*| jW 

with 10 lvbrn f chocked put* like new $39>50 ) 

AC Power Supply^ New**,.**,,***, 114 , 9 S p ' 11 

DM-3< J2V Power Supply New***** 1 4*45 y f ^ 

DM-36 24V Power Supply,Gic.UHd** S 2.25 Mg| 

iKhnkdl Manool 12.50 |KqB 

let of 10 tube* for BC-603 Receiver*. 1 5.95 


0C-6O4 FM TRANSMITTER 20 la 27*9 Me. 

Output appro* 30 worn. 10 crylfaF can hoi led 
channel*. Complete with lubei, 

NEW,*,*.**,$13 .50 

AJtC-Rl 1A Mgdern Q-5 Receiver 190 - 550 Mil ****»*„.*..* SlD-95 
ARC-422 540 - 1600 Mu Receiver with hjnlag graph ,*.,***, $15.95 
R-4/AM-2 Receiver 234-35B Mlu, 11 tab*., NEW.. |B 95 

BC-605 INTERPHONE AM PUT IE*. NEW 13,45 EXC.USfD* *. * 11.95 

TELEPHONE HANDSET, W.E, type.,. **,<UKE NEW 12.95 

S CR-572 TRA NSMITT ER^::ElVER* with 18 htom. LIKE NEW 532* 50 

hanomikF ” 

Rugged t heovy-du+y carbon handmike with preU- 
hr-la Ik twitch. Equipped with 4-ft cord & phone 
plug* SPECIAL 

NEW^ boxed t ,*,,*. Eoch SK8S 2 far 13*25 

1M FREQUENCY METER 

Fine yvnerai porp&ie Navy uflif 125 K> 20,000 

Hi, Gpvfolei on 1? or 24 VE>C- Co*npi#ie with . 

tubei, crystal, calibration book, 

Checked oui H Excel lend Ubed ,.*. $59*50 

Ai above, leu book ■*,***.**,*.* .** 122.50 


m 26Y RECEIVER 

Onigned for Mjrmt Sr Aircraft 
Intliilslton. Alto tint for home 
use. Continuous tuning from 
MN 2SC Control bon. Complete 
with 24 yolt DC Dynamo tor 
MN 268 Radio Receiver. 150-325 
KC; 325-695 KC; | L , ke N ,^ 
3 4.7 Me. Complete $13 50 
with tubes And r^ w 

dynamotor. i $$g 2$ 



Remote control 
commeruii type 

nJViQdTlonet rereiver 


ACCESSORIES FOR ABOVE AVAILABLE FROM STOCK 


CATHODE RAY TUBES All New in Original Carton 

STANDARD MAKE 9GP7 .3.95 ea. 

3API* w J.9S ea. 5API . 3-75 ea. 

3FP7* .98 ea. 5MP1 2*75 ea* } 

•Sold in Lots of 3 only \y 

TERMS: f *0*6. NYC * 25% depot!! with order, balance COO or remitronce 
in ML MINIMUM ORDER $5.00. lubiecr to prior io1* and price change 

GAG RADIO ELECTRONICS COMPANY 

45-47 Wamn H [2nd Fl) New Ywk. MY. 10007 Ph 112-267- 4*05 
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BROADBAND AMPLIFIERS at a prico you can afford 

The BBA-1 series offers Mgh g* * . *71 

9 ain ow the HF to UHF region I ’ 

with low noise figures. B8A*1PA, i 
A remotely powered Unit for w 

mounting near the antenna, covers 1 — *“ 

34 to 400 MHr with 1 2B±ldB I _ . tl , K *,,**. > ( 
pain dropping to 17 <*B at 500 I —-—— 

MHz. Mai I mum NF H 3.MB. WtBRTw 
BBA* 1FB has the same specs as 
the BBA-IPA but Is locally £ W < 

powered. BBA-lP covers 3 to v ‘ 

500 MHr with gain between 15 and 30dG. Maximum NF 
Is 3.0dB. For less critical use order BBA-l with same 
coverage as the BBA-lP, but reduced UHF gain and higher 

NF - BBA4PA - $50,00; Adaptor Kit, KT -1 * $5.00 

BBA-lPB, BBA-lP * $45.00; 6 &A 1 - $30.00 

Please include $1.00 for shipping, 

RADIATION DEVICES CO, 

P, O. Box 8450, Baltimore, Aid, 21Z34 


The Model CT-1 features a built-in electronic 
power supply providing BOTH AC and DC 
Test Voltages in n special circuit with high* 
]y sensitive NEON type teahage indicator. 

Only $16.95 postpaid 

Capacitor Range: .00025 — 1000 mfd. 
Sensitivity: Over 200 MEGOHMS 

30 DAY MONEY-BACK GUARANTEE 

LEE ELECTRONIC LABS, INC. 

88 Evans St., Watertown, MA 02172 

Dealer Inquiries Invited. 


MINIATURE CRYSTAL FILTERS — Made U S.A. 




WHEATLANDS 
ELECTRONICS 
P. 0. BOX 343 
ARKANSAS CITY 
KANSAS 67005 


Write us about your crystal filter needs 
Model WF 4 Model WF 8 
ystati 4 a 

Freq. 4.0 MHz 4.0 MHz 

Vidthat&db 3.5 kHz 7.5 kHz 

6 rn Shape 2.0 U5/6) l.S max 

ite Rejection 45 db TOO db min. 
t Termination 120 (I 140 0 

518,95 526.95 

Matching Crystals USB (0940.5 kHz) 
or LS& (9001.5 kHz! 12.75 each 


No. Crystals 
Center Freq. 

Band Width at 6dh 
fcOdb/tcm Shape 
Ultimate Rejection 
In/Out Termination 
PRICE 


VARACTORS and VVC’S 

for Amateur Radio Service in Voltage 
Controlled Oscillator*, AFC, remote 
tuning, variable Mllen , . , try the 
NEW WAY to TUNE. 

write for data sheets 

EAST RON CORK 

25 Locust St., Haverhill, MA 01B31 


NEW CT'l From 

Will allow you 
to Dynamically test all 
types of capacitors. 
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THEY ALU 

A£E, HONEY, 


HE SIGNED 
H IS TAB W7PBV- 
19 HE SOME WNP 
OF A NUT ? > 


Now you can have your cake and eat it toa: 
Both Greenwich Mean Time and local time in 
ONE DIGITAL CLOCK, The K2 * Clock provides 
a bright red easy to read display of both. 

GMT is displayed in six digits and at the flip 
of a switch, local time on a twelve hour basis 
with A.M, and P.M* indicator. 

We even give you a ten minute identifier 
which warns you before the ten minutes are up 
so that you can identify your station within 
the legal time limits. 

Attractively packaged in a simulated walnut 
grained wooden case, the K2 CLOCK makes a 
handsome addition to your operating position. 


price $ 125.00 


ALSO AVAILABLE: 

K2 * KEYER 
K2 AGC AMPLIFIER 

WOERNER ENTERPRISES, (NC, 

170 Chestnut Street Ridgewood, N, J. 


SAROC 

HELD ANNUALLY IN LAS VEGAS* NEVADA 


sn vm rawm uurti* utim m rwntat ottau 

•g wmn 

scxrmf*N NEVADA AMATEUR *ADlO CLUB, INC. 
i».0 BOX 73. BOULDER CITY, NEVADA 89O0S 


100 WATTS FROM A TR-22 ??? 


WITH NEW DYC0MM MODEL 
YES a . . . 1-10-0 BOOSTER 

1_2 WATTS IN GIVES YOU 90 — 100 WATTS OUT £990 

THE ULTIMATE IN MOBILE POWER USING YOUR PERSONAL PORTABLE 0£4,U 

UHF MODELS NOW AVAILABLE: 


100 WATTS OUT 


MODEL 470-25 

3 - 7 WATTS 

IN 15 — 30 OUT 

$197.00 

MODEL 470 -30 

1 - 2 WATTS 

IN 20 — 30 OUT 

5227.00 

PLUS THE OLD 

RELIABLES: 



10-0 

10 W input 

100 W output 

$195,00 

D 

10 W input 

40 W output 

99.95 

ES 

1 W input 

40 W output 

99.95 


ECHO II RACK MOUNTED REPEATER 600.00 
WRITE FOR DATA SHEETS ON ALL MODELS 


948 AVE. E. P.0. BOX 10116 
RIVIERA BEACH. FLA. 33404 


DYCOMM-V 
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DRAKE 


Superior performance 



4 LINE - 



R-4B RECEIVER 


Versatility.*. 
Accuracy... 
Dependability 


Use VFO of either 
B-4B or T-4XB for 
transceiving or 
separately. 




T-4XB TRANSMITTER 


* Linear permaabMIty tuned VFO with 1 kc dial divisions. 
VFO and crystal frequencies pre-mi nod for all-bard sta¬ 
bility * Coven ham bands 80 r 40, 20, 15 meters completely 
and 28.5 to 29 0 Me of 10 motors with crystals furnished 

• Any ten 500 kc ranges between 1.5 end 30 Me can be 
covered with accessory crystals for 160 meters. MARS, etc. 
(5.0-8 0 Me not recommended) * Four bandwidth* of a elec- 
ltvkty + 0.4 kc. 12 kc, 2.4 kc and 4 8 kc * Pesiband tuning 
gives sideband selection, without re tuning * Noise blanker 
that work* on CW, SSB. and AM is built-in • Notch filter 
end 25 Kc crystal calibrator are built-in * Product detector 
for SSB/CW, diode detector for AM * Crystal Lattice Filter 
gives superior cross modulation and overload characleris- 
tics * Solid State Permeability Tuned VFO e ID tubes. 10 
Iransistors. 1? diodes and 2 integrated circuits e A VC for 
SSB or high-speed break-in CW e Excellent Overload end 
Croe* Modulation characteristic* * Dimension*: 5'4"H t 
19%"W. 1244*0. Wt.: 16 lbs. ® 475 OO 


e Cover* hem hand* 80, 40, 20. IS meters completely and 
28.5 to 29 0 Me of 10 meiers with crystals furnished; MARS 
and other frequencies with accessory crystals,, except 2.3+ 
3. 5-6,10-5-12 Me, * Upper and Lower Sideband on all 
frequencies • Automatic Transmit Receive Switching on 
CW (semi break-in) a Controlled Carder Modulation for 
AM is completely compatible with $$B linear amplifiers 
* VOX or PIT on SSB and AM built-in * Adjustable Pi- 
Net work Output * Two 6-pole Crystal-Lattice Filler* for 
sideband selection, 2.4 kc bandwidth * Transmitting AGO 
prevents Nat topping « Shaped Grid Block Keying with 
side tone output * 200 Watt* PEP Input on SSB - 200 watts 
Input CW e Meter Indie ale* plate current and relative out¬ 
put e Compact ilze; rugged construction * Solid State 
Permeability Tuned VFO with 1 kc divisions * Solid State 
HF Crymlal Oscillator * II 1 Tubes, 3 Transistors and 12 
diodes * Dimensions: 10V4”W, 12%"D, Wt,: 14 lbs. 



R. L. DRAKE COMPANY • 540 RICHARD STREET • MIAMISBURG OHIO 45342 


NEW DIAL TELEPHONES 

Wall moil tit color light gray, heir compatible model 
SSB2901, Belgian made, Prepaid USA. 520.00 each 
H. P. 200 AB, audio oscillator, 20 He to 40kHz, like new. 
Prepaid U.S-A. S2GGQ0 each 

New Mobile Cumrnu meat ions Mike, low impedance Dynamic 
type pujh-to-lalk switch, curly cord, no hanger. English 
made. Prepaid U-5,A. 2 for 58,00 

LEEDS RADIO CO. 57H Warren St., New York, N,Y. 10007 

Tel: <212)-267-3440 


Just Printed § 


Application Rules ron 


ill 


IN T C Gfl AT t D CIRCUIT^ 

iNt lud ink'. Operating 
Instructions for all 

POPULAR MOOHS 


jf * 

<* v ° 


A* 0 s 


% 


MINITRON 7-SEGMENT 
READOUT $3.70 


Digital Clock 
Semi-kit 

It, 1C 5 * * MINITRCJNS lONLYJ 
!Z0 VAC 013 


7 i ? i tor catalog 


(j^rizona Semiconductor 


PO BOX 112 

COODVLAH AfllZO** 
■ WH 


Headset'Microphone H-63/U 55 95. Chest Set AN/GSA-6 

53.95. Victoreen Inst. to. Radiation Survey Meter 7408 

57.95, Field Telephone TM3/PT $24.95 ra Modification 
Kit #1 Transistor*, Diodes, Caps, R«i*tora, Relay Wire, 
Tie Wraps,, Hardware etc. Gw, Cost 589.00 Special $2,95, 
Modification Kit #2 2 , 05-400V cap,, mlderless crimp 
Terminals, Hardware, etc 25c ea. 5/51.00. ARC Hi9 
(R508) rec + 118-148MHi w/k hematic 514 95, Catalogue .10, 

FRANK ELECTRONICS 
407 Ritter Road, Harrisburg, Pa, 17109 



FOLLOW THE LEADERS IN FM 

Here's your chance to get 26 issues 
of the magazine devoted to VHF 
and UHF FM operation. It has 
construction, conversion, FCC and 
general news articles, written by the 
best known FM'ers in the country. 
26 issues for the price of 12 issues 
of the other Ham magazines. Just 
send your address and $6.00 to: 

RPT Magazine, P.O. Box 130 
St, Clair, Michigan 48079 
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LOWEST PRICES: ON BRAND NEW FULLY TESTED & GUARANTEED IC'S 
BEST SERVICE: 10% DISCOUNT ON ALL ITEMS NOT SHIPPED IN 24 HOURS 


MOST CONVENIENT: ORDER DESK 1-800-325-2595 (TOLL FREE) 
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SOPER VAST SCHOTTKV itI. 

Type* TASllfl, 7-iS01. 74SOJ. 74S0R. 74809, 74SI0. 74SIS. {Thm tnpul A Nil *ilh up«i nJIrrt,*), 
74S20L 74821. 74S50. 74SS|. 74S60, 74564, <4-23-2 input kMmft INVERT *Hr|, 74S6S (open 

4-i4kcti,iit 7486411: Vi*! hi cHilumn f«irr ■ jit 
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U7 1.30 1.22 LIS 1,0R tJI 

1 ipc* 7487,1, 7487+, 74876, 71870. 748107. 748112. 74S| IS. 748114.ynur rdunm prim irr 
iM IA1 1,76 1.65 L5+ 1.43 


A1J, IC'S *rr i ippjfJ In ft-, I l- r tb-, 

!£ 5jlj Jtrrti 
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TH r &vr FftEG t^’lj upon ITqwrit, m Vdt fi* tln.nr djfj ihn-i* that yrtJ nIKi 1 . r*rn for ihlMT I laird <C 

Clkil Vui aTf nul lifllf i-rij^ 


Sulid Stntr Svslrrn*. Inc. 

P.O. Ikix 775 
Colimihid, Mo t 65201 

Ptinnr 314443-3673 
TWX 910 760-1453 




I HI us RATED HUMS NTT ,10 IHls nihn* CHECK ,,r 
MnNEY mKIH.II Kith order. Add 35 to under *5,00 Un 

[KKt«r A lundl.i^f. Fat UPS nr FIRST CLASS add 4S and fur 
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nlh 65 CDll ftr jrfdiliutu!. (Jindim irndrnti ok**- *dd Ml 
t.« I NS I ! l( A Net 
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(IATAIjOC l>F PARTS & SEH VICES. rr>; free: 
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U*U7, 15 V. 15Uiii A...140S 

jim a ii n~ u.miiI T»pr .ii at sink ..ii jti 


STANCOR PfllBO. 25.2 V<7f CAmp Trj.od.uniit. 

I ihil ft if tlnr Kit Fi I Al ■ wtri. H*Hi ..IKI 


AU,KN EtlL \ 11] FY AH |,4;IIADE fS bartd) HESlSTUftS. Any o< 
the 04 STANDARD 10% rutu*. frnm 17U tn 2241*1 V* nr H 


|watt, each. 

■ 


... ■ 3* l 


hn AUN-mt; 1*or-WrupTv|pr 



li: BKAND %t> 

willi 



gull] I’btfii JUTP-. 




IW J 00-249 

250W 

IDfXMWl 

.IK I P 

i kms o.4o 0.35 

0.30 

0 2S 

Hi *pni 

0.30 

16-FINS+1.75 0,711 

n.05 

CL60 

ass 
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FRESH NVLOH RIBBONS 
for H 15 19-7B-32 rmte much 
All black of rnet b lack 
*3,50 bar— poitpaid 


FRESH TARE 

11/16 wide / red or yellow 
$8 00 case—id roUk 


60 SPEED GEARS 
for model IS'19 
17*912 749131 
$3,50 sel—povlpaid 


RTTY 


u TYPING 

BE PERFORATOR 
C le an— f econtfi I ion ad 
fiO *35-00 (no KB) 
KSR $50 00 twdh K&> 


28 TYPING UNIT 
UT* LP6/LP9 
Bccondil luiied $95 00 


TXCl Fatstmili TranitdVtr 
Fun Id copy wealher maps,, tic 

F icelieni—with manual 4 

$ 100 00 J 


Radio Amateurs 
Reference Library 
of Maps and Atlas 


USED TEST EQUIPMENT 

All checked and operating unless otherwise 
noted, FOB Monroe. Money back (less shipping) 
If not satisfied, 

Borg 1S26B Freq stand-. l/I/5mHz out- acc. of 
1x10-9 per day ■H-ji iti iamrniBi i i- 395 

HPIOOD-Freq. stand, w/scope Acc. Ippm 165 

HP150A - LQMHz Scope W/152B . 275 

HP160B(USMl05)«14MHz dual trace scope 385 
HPI75A - 50mHz scope w/dual trace 595 

HP1858-QC-lgHz samp, scope W/186B 495 

HP2Q2B-Audio Gen.5Hz-50fcHz-,l-lOv 110 

HP212A Pulse Gen. var. width and rate 175 

HP522B-Freq. Counter-lOHz-IZOkHzdigital 165 
HP540 B Trans. Osc, for counter-to 12gHi 325 
HP610B-Sig.Gen’45iO-1200mHz i calib, attn, 365 
HP686A Sweep Gen-8.2-12.4gHz 795 

HRS03A VHF Imp. bridge 50-500MHz 195 

HP2590B-RrecisiOn Trans, osc-synchronizer 975 
Kmtel 301-DC standard-null voltmeter 220 

Meas, 80 - Standard Sig, Gen. 2-400mHz 225 

NE 14-20C-Freq.-counter (sim. HP524C} 209 

Nems Clark 1673-FM revr. 175-26QmHz 210 

Polarad TSA-spectrpm analyzer 10mHz-44gHz 

(plug-ins available) .. ;u ,, ,. i 325 

Polarad SA84W-spectrum analyzer, band switch¬ 
ing 10MHz-41gHz 965 

Rohm 30-Stand.sig,£on.40-400mKz-hi-pwr. 585 
St odd art NM52A-RFI mtr* ,375-lgHz, w/acc. 985 

Tek RM15-OC45MHZ GR scope. 295 

ME26D/IMHR410B) VTVM-to 700mHz 85 

PRM 10 Grid-dip OSC. 2-400MHz ... 65 

SG24/TRM3 Sweep Geo. 15-400 MHz. CW, AM. 

FM Xtal markers, scope Dev. to 20% 595 

TS-403A-Sig. Gen. (HP616) 1 8 4gHz 385 

URM-26 Stand. Sig.Gen, 3-4GGMH* 225 

USM-16 Stand. Sig Gen, 10-440mHz AM-CW FM- 
Pulse-Sweep, Phase-locked osc, , 625 

(Send SASE for complete list) 

PDAV Electronics 

uKHl P, 0, Box 941, Monroe, Ml 48161 

Specializing in used test equipment 


RADIO AMATEUR 

a ca 

Dept. I 


lib 


tw* c 925 Sherwood Drive 
yep,#t Lake Bluff, III. 60044 


WRITE FOR 
FREE 

BROCHURE! 


WORLD PREFIX MAP - Full color. 40' x 28 \ %how* 
prefixes on each country t>X zones, time zones. 

titn-i, cross referenced tables postpaid $1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD — from the center of the United States) Full 
color. 30“ x 25". listing Great Circfe bearings m de 
grees for six major U S. cihek; Boston. Washington. 
[>.C , Miami, beahle, San Francisco A Los Angelas 

postpaid $ii5 

RADIO AMATEURS MAP Of NORTH AMERICA? Futt 
color. 30" * JS" — includes Central America ,ind the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zones, FCC Irequenr.y 
chart, plus informative information on each ol the 50 
United Slates and Other Countries postpaid $1,25 

WORLD ATLAS - Only atlas compiled for radJO ama 
leurs. Packed with world wide information includes 
11 maps, m 4 colors with zone boundaries and coon 
try prefixes on each map Also includes polar pro 
jiKition map of the world plus a map of the Antarctica 
— „i complete set of maps of the world 70 pages, 
size &% w x 12* . ... posipaid *200 

Complete reference library of maps - set of 4 as luted 
above . , , + . , .. - ., - - postpaid J3 JO 

See your favorite dealer or order direct. 


4»#'» 


VdzDLft 


♦ Immediate shipment on small items. * Good work takes time ... we 
recondition machine* to order, allow 3-4 weeks . . * SASE for more info. 

If A M*0 W2DLT ELECTRONICS 
V MIN O 302H Passaic Ave., STIRLING, N.J. 07980 




send stamp for picture catalog 


Phone; 201 647 3639 

Div. ol Teletypewriter Com m u n i c a I ujn Spec,aims 


TOROIDS 

88 or *4 mhyi unpoited 
30—$10 00 postpaid 1 
fS—*7 50J no Canadian 


FACSIMILE SUPPLIES. 


MINIATURE MITE 
Page Printer 

Ready to use. wilh cables 
Roconcfihoned—60 Or 1O0 wpm 
$ 200.00 


Reconditioned Model 32 r i 
Ficei t*«t — C ompit j m 
KSR $210 00 ASH $375 00 


DESKF4X 6500 
(As m QST —May, IS72} 
As is. wording, comp 
$3 5.00—2/125.00 
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These days, in advertising lingo, it 
seems everyone is claiming they “put 
t all together" in their product. 

Well, when we say put it all together 
n signal/one’s CX7A, we really mean 
t. And we can prove it. Because here’s 
i rig that combines a room full of 
jear in one compact desk-top unit. 

To duplicate the CX7A with 
;onventional equipment, you’d need an 
jxtra receiver, an RF clipper, a built-in 
sower supply, a linear amplifier, an 
Hectronic keyerand much more. 

Not to mention a transmitter 
ind receiver. 


Just think what that room full 
if disjointed, often incompatible gear 
yould cost you. 


But in the CX7A, it’s ... all together. 
Affording you your finest hour as an 
amateur. And most any serious 
amateur can afford that when he wants 
the best... and wants to be the best. 

The CX7A is yours to see at your 
signal/one dealer’s. Or write us today 
for a detailed brochure. Then get your 
room full of gear. That fits on a desk. 



a subsidiary ot 

Computer Measurements, Inc. 

1645 West 135th Street 
Gardena, California 90249 
Phone: (213) 532-9754 
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Regency S Meter F'M — American made eit import prices 

Kirill Instant access to 144 frequency pairings with 
NI W watts out on the new HR-212 twelve channel 
I lLTT 2 Meter FM Transceiver by Regency 

Sensitivity: 0,4 uv, Model HR-212 $259 Amateur Net 

20 DB quieting Includes microphone, mounting bracket and factory 

Spurious Rejection: 60 OB installed transmit and receive crystals for 146.94 MHz. 


Model HR-212 $259 Amateur Net 

Includes microphone, mounting bracket and factory 
installed transmit and receive crystals for 146.94 MHz, 


for all your 2 Meter FM needs 



w r 



Model HR-2MS 0 channel 
Transcan™ wilh signal search 
reception and 15 watts mini mum 
output. $3IS.00 Amateur Net 


Model HR-2A h channel 
transmit, 12 receive 2 Meier fM 
Transceiver wilh 15 watts minimum 
output 5229,00 Amateur Net 


Model AR-2 Amplifier boosts 
2 Meter FM oulput power 
300%. 

5119,00 Amateur Nru 


Electronics, Inc, 

7900 Pendleton Pike • Indianapolis, Indiana 46226 

nov S Meter FM-Amerioan made s,t import prioee 




communication!navigation electronics 
MAGAZINE 


This monthly technical maganne tilts a 'coffimumcahpn gap " within the electronic communication 
and navigation equipment industry, /ts function is to provide comprehensive and authentic information 
not available in any other single publication The types of feature articles include the following: 


SYSTEM DESIGN 

The planning of radio communication and 
electronic navigation systems, as well as 
CCTV and electronic security systems 

EQUIPMENT DESIGN 

State-oMhe-art design techniques — analysis 
of newly developed equipment 

TECHNOLOGY 

Reports on technical developments—looking 
into the future —measurement techniques 

FCC REPORTS 

Comprehensive reports on FCC petitions, 
proposed rulemaking and newly adopted rules 
changes—long before they are published m 
FCC Rules and Regulations 


SERVICING 

The latest techniques for maintaining equips 
ment —troubleshooting—analysis and use of 
test equipment 

INSTALLATION 

Solutions to unique installation problems— 
local and national codes—interference and 
interface problems 

APPLICATIONS 

Utilization of system components—scope of 
equipment applications - interface require¬ 
ments 

CASE HISTORIES 

Economic and operational aspects of umoue 
systems—examples of how problems were 
solved 


Subscription rate $12 per year, $20 for two years. When Check or Money 
Order accompanies subscription request, special rate is $10 for one year 
or $16 for two years. Advertising rate card sent on request. 

COMMUNICATION AND NAVIGATION, INC. 

250 PARK AVE-, NEW YORK, NY 10017 
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TRANSFORMERS 


Pri 117 V 60 hi 
Sec 840 CT @ 220 ma 
3 Vi x 3 Vi x 4 Inches 
Shpg, wt, 9 lb- 


Pri 115 V 60 hi 
Sec 600 V CT f* 310 ma 
6.3 V & 6 A 
4 Vi x 4 x 6 Inches 
Shpg. wt. 17 lb. 


52.95 ea. 


$3.50 ea. 


Pri 120 V 60 hi 

Sec 6.3 V (41 10 A, 6.3 V @ 2 A, 6.3 V 9 1 A 
6.3 V @ 1 A & 6.3 V © 1 A 
4 I 3 Vi x 5 % inches 

Shpg. wt. 10 lb. $2,95 ». 


Pri 105.125 V 60 hi 
Sec 5 V <£> 3 A 
2 x 2 % x 2 VS inches 
Shpg. wt. 3 lb* 


$1,95 ea. 


PARTS 


Capacitor -— axial lead —* 
4000 mid © 15 V 75f *a. 10/$6.00 


IRC trimpots Style No* RT22C2 
Values lk t 5k, 10k. or 20k 
35c es, or 3/$1.00 


1000 PIV Diodes 1 A epoxy iQ/$2.95 


Precision Resistors 100 asst- $1.98 


Miniature potentiometers % f> shaft 
Value 5k 35< ea. 3/$1.00 


Miniature knobs tor % tf shaft 
Brass insert w/lina indicator 5/$1.00 


Nixie Tubes NL 1220S $2.95 ea. 
same as NL94QS, 0-9 w/2 dec. pt. 
10/127.50 


Ni.Cad Batteries 1.2 Volts 
{pull-outs exec, cond.) 

800 me/hr rating \% u ig x Vi" Di* 
10/$8*50 


STYLISH GRAND 
PftlX CABINETS 

BUD Cabinet aMD-3-SG 
Two-tone smooth gray finish 
4 3/16^ x 12%” x 
$4.95 ea* 


MH TOROIDS POTTED 10/3. 





R 4 R ELECTRONICS 
311 EAST SOUTH ST. 

INDIANAPOLIS, IND. 
46225 


$5.00 minimum order. 

Please add sufficient postage. 


the all “NEW 

cmrju calibrator 


FROM 




100 - 50 - 25 KC MARKERS 

• ZERO BEAT TO W W V 
USES NEW 100 KC CRYSTALS 

(included' in all unit*) 

• GLASS EPOXY BOARDS 

• VERY COMPACT 
l n x V X W' 

• 3.5 V. OPERATION 




Wired and zeroed 
to W W V SI 5.95 




Transistors Mfg Tl #GC4213 Germanium 
Med Pwr Transistor 3 5 watts © 6 Q V NPN 
type oquiv. to 2N2552 60c ea. or 2/$l-00 


COOLING FAN BLOWER 4 pole 110V 60 eye 
motor with 4 bladeti nylon fan. Very quiet, 
about 50 CFM 2 1 /#"W x 3"H x 2%"D. Sh. 
wt. 3 lbs. $2.25 ea. 


3 wire Jack Panel for std shaft 10 Jacks in 
a line 95c ea. 


Western Union Deskfax model Transceiver 
115 V 60 hz $19.95 

Put on the air — or —* back to back (Inst 
incl.Jt 


Teledeltos paper 

for above 

Box of 

1000 shts 



$12,95 

Radio Receiver 

R-257/U 

25-50 

MC with 

schematic less pwr supply 


$9.95 


Teletype Printer model 14 


$29.95 
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get automatic CW 
with continuously 
variable speed 
from 5 to 55 WPM 


* All sotid-state* 

* Fully assembled and ready to plug-in 
and operate. 

* Features built-in audio-oscillator/ 
amplifier, monitor, and audio output 
tack. 

* Regulated JLG* power supply suits 
both 115 and 220*240 Volt operation. 



Deal direct with the manufacturer 
and save. 

Phone or write for our free illustrated 
brochure. 

Send your check or money order lor 
$198.00 (plus Sales Tax for 
California residents) and we pay 
freight or order C.G-D, freight collect. 


RTRONICS 

Post Office Box 4646 
Anaheim, California 92803 
Telephone (714) 628-7571 


ENJOY CW! 

USE A MATRIC KEYER & PADDLE 

• SELF COMPLETING • BATTERY OPERATED 

• RELAY OUTPUT model 10 

_ C IRCUIT BOARD KIT HESS CASE) $7 95 

h| ~ [ \ KIT ILESS BeiTT}.......... — $21.90 

■ WIRED HESS BATH.$26.59 

SIDE TO ME KIT $4.95 * WIRED $6.95 


NEW from 




TONE BURST ENCODERS 


TB 6 

'um fiteil 



MODEL 11 


a 7*^ 


★ ADJUSTABLE TRAVEL 

★ NON-SKID WEIGHTED BASE N i* 

★ FULLY ASSEMBLED 9,95 

SEE YOUR DEALER 

OR ORDER DIRECT PR ICES F.O B, SENECA, PA. 


fixed tones 

-ADJUSTABLE: D T 

—Duration P 

n . * H«4 

—Output i 

- NO BATTERIES needed. ?jj _* ^ ^ 

' FULLY ADAPTABLE * W~ - 

■ EASY INSTALLATION 

■ CONTINUOUS TONE POSSIBLE 
T FULL 1 YEAR RP Warranty 

PRICES: 

TB-5 5 tone $td. encoder .....-__-$37,50 

(IBQQt 1950. 2100. 2250. 2400 Hz.) 

ST-2 Single tone decoder .. $37.50 

(Specify 1800. 1550, 2100, 2250, or 2400 Hz.) 

Special tones — Inquire 

Add $l,80/unlt for shipping Mil. residents add 5% ta*) 


$37.50 




BOX 235 4 SENECA, PA. 16346 


PHONE AREA CODE 8)4 643-5122 


FREE SPEC SHEETS 
NOW AVAILABLE 

ORDER DIRECT OR FROM 
AUTHORIZED DEALERS 


Electronics 

BOX 1201H 
CHAMPAIGN, ILL. 
51820 
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ECHO II 



.tlijli:'. 

; fpLf 


VHt - f y 






ALL 

SOLID 

STATE 

STOCK 

FREQS: 

16/76 

22/82 

28/88 

34/94 


2 METER 

AMATEUR REPEATER 


ONLY 


$600.00 


PROVEN STATE OF THE ART DESIGN 
INSTALLATIONS WORKING GREAT IN U.S., EUROPE AND ASIA 
STOCK FREQS DELIVERED IMMEDIATELY, OTHERS 3-4 WEEKS 
WRITE FOR FREE DATA SHEET — FULL MANUAL $5.00 


DYCOMM 


948 AVENUE E P.O. BOX 10116 
RIVIERA BEACH, FLA. 33404 


New 

3 Digit Counter 


ki 








ie.fi 

r*|. 

m 





t— Jl 



r» 



TALK POWER! 


TEMPO 
POWER 
AMPS 


* The model fm-36 3-tiigit frequency 
meter has the same features that has made 
the 2 digit model so popular with Hams 
— low price, small size (smaller than a 
QSL card)* 35 Mhi top frequency, simple 
connection to your transmitter, -1-0 —0,1 

Khz readout —- PLUS the added convenience 
Of ■ third digit to provide a 6 digit caps 
bitity* Kit or Assembled. 

Example; 20,649,800 Hz reads 28.6 MHz 
or 49,0 Khz. (Add the 10 Hz module to 
read 9,80,1 

FM-36 KIT *134.50 

NEW. 

300 MHz PRESCALER only $45.00 

with fm-36 order 

Micro-Z Co. 

Box 2426 Rolling Hills, Calif. 90274 



Models 
from $85.00 
. . . in stock 


up to 135 W OUT 
with 1 to 25 w drive 
from mobile, 
base or 
HT. . , 


Solid 
State 
Micro- 
Strip 
Circuit 
Ready-to'go, 
Cables supplied 
all U. $♦ made 


Sena OSL or circle number tor tfetailetJ brochure 

ERICKSON 
COMMUNICATIONS 

4659 North Ravenswood Avenue 
Chicago, m. 60640 (312) 334-3200 
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FM CHANNEL SCANNERS 


4 CHANNEL as described Aug. 71 Ham Radio 
Wired & Tested Units $29.00 pp j 

Kits >15 95 pp ! 

UndHlIed Boards >3-95 pp j 

8 CHANNEL multi-chan osc boards ) 

For 5 to 18 MHz Crystals Undrilled >3.95 pp J 

ALTON INDUSTRIES | 

7471 Thunderbird fid., Liverpool, N. Y. 13088 

( 

All Boards - G10 Glass * All Prices - Post Paid 

IN STOCK [ 

Standard, Regency, others — Send For Flyer 


SSB TX 

SSB RX 

AM 

AM 

NBFM 

CW 

CW 


CRYSTAL FILTERS 

and 

DISCRIMINATORS 

1 27/64" x 1 3/64" x 3/4" 


9,0 MHz DISCRIMINATORS 

XD9-D1 ± 5 kHz RTTY 

XD9 02 ±10 kHz NBFM 

XD9-Q3 ± 12 kHz NBFM 


$25,40 

>36.15 

> 38.95 

>38.95 

$38.95 

$27.30 

$69,50 


9 MHz CRYSTALS (Hc25/u) 


ffliO 

by 

K.V.G. 


$19.20 

>19.95 

$19.20 


XF9Q0 

9000.0 

kHz 

Carrier 

$3,05 

XF901 

8998.5 

kHz 

USB 

$3,05 

XF902 

9001.5 

kHz 

LSB 

$3.05 

XF903 

8999.0 

kHz 

BFO 

$3,05 

F-05 

Hc25/u Socket 


,50 


VHF CONVERTERS UHF 
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Standard l,F. 2B-30MHz t 
Power I2v DC 

l 1 /*" x 2W* x AW* + connectors, 
t Other ranges available on request 


700X 2 KW 


"LITTLE GIANT* VACATION OR OCCASIONAL 
MINIATURE ANTENNA, Measures 27" High. 
22 ft Wide, A fr Thick! 7 MC Antennal 40 meters! 
Ideal for apartment, motel, hotel, travel use. 

1972 production if demand warrants 

“VILLAGE-TWIG” 

APOLLO PRODUCTS 

P. O. BOX 245 

VAUGHNSVILLE, OHIO 45893 


MM 144 
144 146 
2.8dB 
30d8 
>49,95 


MM 220 

220-222 

3.4dB 

30dB 

$54.95 


SPECTRUM 
INTERNATIONAL 
BOX 1084 CONCORD 
MASSACHUSETTS 01742 


9.0 MHz 

XF9-A 
XF9-B 
XF9-C 
XF9 D 
XF9-E 
XF9 M 
XL1G-M 


FILTERS 

2.5 kHz 
2,4 kHz 
3.75 kHz 
5.0 kHz 
12.0 kHz 
0,5 kHz 
0.5 kHz 


MM 50 

50-52 
2.5dB 
30 dB 
$49.95 


RF Freq, (MHz) t 
N.F, (typical) 
Npm, Gain 


MM 432 

432434 

3.8dB 

30dB 

$59.95 


900X-2 WATTMETER 


WATTMETER 


Dum my Load Wattmeter 
for 52 Ohm Input, Mea¬ 
sures RF in 4 ranges to 
1000 watts. Measures 
modulation percentage 
on calibrated scale. 
Portable. $124.50 


Measures RF in 2 
ranges 25 and 250 
watts. 52 Ohm input, 

$29.95 


MM 1296 


COMING 

SOON 


Awitahtc at Your 
Favorite Distributors 


we pay HIGHEST 

PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(201) 351-4200 

























for the most advanced antennas under the sun! 




Y- 


tT 





MONOBANDER 


.,.3 

tiger 

on 

20 meters 


■a—«* 


The best antenna of its type on the market. Four wide spaced elements 
(the longest 36'6 M ) on a 26' boom along with Hy-Gain s exclusive Beta 
Match produce a high performance DX beam for phone or CW across the 
entire 20 meter band 


10 db forward gain 

28 db F/B ratio 

Less than 1,05:1 SWR 
at resonance 

Feeds with 52 ohm coax 


Maximum power input 1 kw AM. 
4 kw PEP 

Wind load 99 8 lbs. at 80 MPH 
Surface area 3.9 sq ft. 



The 204BA Monobander is ruggedly built to insure mechanical as well as 
electrical reliability, yet light enough to mount on a lightweight tower, 
(Recommended rotator: Hy-Gains new Roto-Brake 400.) Construction 
features include taper swaged slotted tubing with full circumference 
clamps; tillable cast aluminum boom-to-mast clamp; heavy gauge ma¬ 
chine formed elemenMo^boom brackets; boom 2" OD; mast diameters 
from 1 W' to 2 W : wind survival up to 100 MPH. Shipping weight 51 pounds. 

See the best distributor under the sun., .the one who handles the Hy-Gain 
204BA Monobander. 

Model 2Q4BA (4-element, 20 meters)....$149.95 

Model 203BA (3-element, 20 meters).. $139.95 

Model 153BA (3-element. 15 meters).,.....,$ 69.95 

Model 103BA (3-eiement, 10 meters)....$ 54.95 


FERRITE BALUN MODEL BN-86 


Improves transfer of energy to the antenna: 
eliminates stray RF; improves pattern and F/B 
ratio, $14.95 


HY-GAIN ELECTRONICS CORPORATION 

P r O. Box 54074AH, Lincoln, Nebraska 68505 
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Semiconductor Supermart 

• MOTOROLA • RCA • FAIRCHILD • NATIONAL • HEP • PLESSEY • 




DIGITAL READOUT I SPECIAL OFFER 


At a price 
everyone 
can afford 


$3.20 


• Operates from 5 VDC 

• Same as TTL and DTL 

• Will last 250,000 hours. 


* Digital readout 

• BCD to 7 *— Segment 
Decoder / driver 

* 7490 Decade Counter 

• 7475 Latch 

Only $8.20 


Actual Size 


PLESSEY SL403D 
3.5 W AUDIO AMP 1C 
HI-FI QUALITY 

$3.95 

with 12 pages of 
construction data 


The MiNITRON readout is 
a miniature direct viewed 
incandescent filament 17- 
Segment) display in a 16-pin DtP with a 
hermetically sealed front lens. Sue, and 
appearance are very similar to LED read¬ 
outs, The big difference is in the price. 
Any color filter can be used. 



POPULAR IC's 


MC1550 

Motorola RF amp 

$1.80 

CA3020 

RCA Vi W audio ..... 

$3.07 

CA3020A 

RCA 1 audio 

$3.92 

CA3028A 

RCA RF amp 

$1.77 

CA3001 

RCA 

$6.66 

MC1306P 

Motorola Vi W audio . 

$1.10 

MC1350P 

High gain RF amp/lF amp , 

$1.15 

MCI 357 P 

FM IF amp Quadrature det ,- 

$2,25 

MC1496 

Hard to find Bat. Mod... 

$3.25 

MFC 9 020 

Motorola 2-Watt audio 

$2*50 

MFC4Q10 

MuJti-purpose wideband amp 

$1.25 

MFC8040 

Low noise preamp .._. 

$1.50 

MC1303P 

Dual Stereo preamp 

$2*75 

MCI 304 P 

FM multiplexer stereo demod 

$4.95 


FET’s 


MPFIO? 

JFFT 

$.60 

MPF105/ZN5459 JFET 

*96 

MPF107/2N5486 JFET VHF/UHF ... 

$1.26 

MPF121 

Low-cost dual gate VHF RF 

_85 

MFE3007 

Dual-gate 

$1.98 

40673 

itiummiea ipfel-i i t nH mi.u4)i. lumm 

$1*75 

3N140 

Dual-gate . 

$1*95 

3N141 

Dual-gate .....-. 

$1.86 


MOTOROLA DIGITAL 


MC724 

Quad 2-input RTL Gate 

$1.00 

MC788P 

Dual Buffer RTL ____ 

$1.00 

MG789P 

Hex Inverter RTL ______„ 

$1*00 

MC790P 

Dual J-K Flip-flop 

$2*00 

MC799P 

Dual Buffer RTI_____ 

$1*00 

MC780/880 RTL decade counter ... 

$3.00 

MC1013P 

05 MHz Flip-flop MECL .**.,, 

$3*25 



NATIONAL DEVICES 

LM370 AGC/Sq uelch amp . $4.85 

LM373 AM/FM/SSB IF strip/Det . $4.85 

LM309K 5V 1A regulator, If you are using TTL 
you need this one. ---—-- $3.00 


SEPTEMBER FLEA MARKET 

Build a 50-W booster for 2 meter 
FM — See May of 72 QST* 

2N6G84 Motorola 50-W RF power ... $18,00 

2N3904 Motorola 300 MHt, NPN plastic small 
signal transistor . - - -.5 for $1,00 

N5I11A Sign at its FM Det __ _,*_$1.60 

NE555 Signet ics Timer ...—.... $1,10 

1N914 Silicon diodes .*,—— 16 for $1.00 

IN270 Germanium diode **„——.- 6 for $1.00 

M8D10I Motorola Hot Carrier diode .. $1*00 

2N38&6 .- ..i hi i sum 


MORE RCA IC's 

CA3Q88E AM rtvr subsystem .......$2.50 

CA30S9E FM IF system with circuits for IF 
amp.* Det,, AF preamp., AFC, Squelch. A 
tuning meter ---—*■.$3*90 

CA301& Transistor array .**.. $1.55 


NEW FAIRCHILD ECL 
HIGH SPEED DIGITAL IC’s 

9528 Dual "D" FF toggles beyond 16QMHz $4.65 

9582 Multi function gate A amplifier .$3*15 

95H90 300 MHz decade counter ..$16.00 

A 95H90 A 9582 makes an excellent prescaler 
to extend low frequency counters to VHF —- 
or use two 9528s for a 160 MHz prescaler. 


Box 3047* Scottsdale, AZ 85257 

CIRCUIT SPECIALISTS CO. 

Please add 35c for shipping 
FACTOR* AUTHORIZED 
HEP-CIRCU IT'STIK 
DISTRIBUTOR 
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• RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

• COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 


SURPLUS A Parts A equipment for sale. Filter 
chokes, power transformers, selenium rectifiers, 
filter capacitators, variable capacitors, tubes, BC- 
604, ARC-3, GO-9 transmitters. Wanted Heath IG- 
82 Sine-Square Wave Generator. Archie Shetler, 
159 Elkin Ave., Indiana, Pa. 15701. 


RTTY PICTURE TAPES. Stamp for list. John Sheetz, 
5 Hansell, New Providence, NJ 07974. 


F.C.C. TYPE EXAMS GUARANTEED to prepare you 

for the F.C.C. 3rd., ($7.00), 2nd. ($12.00). and 1st 
($16.00), phone Exams; complete package, $25.00. 
Research Company, Dept. D. Rt. 2, Box 448, Calera, 
Alabama 35040 


THE MINUTE MAN FM REPEATER ASSOCIATION 

will host an fm get-together on September 24th at 
Hai Chamberland*'s Farm, W1PFX, in New Brain¬ 
tree, Mass. More information is available from Joe 
Shenette, c/o Minute Man Repeater Association, 
Box 381, Hudson, Mass. 01749. Planning flea mar¬ 
ket, tech assistance, freq. counters, xmtr hunt, 
family-style picnic, bring your own. 


SURPLUS MILITARY RADIOS, Electronics, Radar 
Parts, tons of material for the ham, free catalogue 
available. Sabre Industries, 1370 Sargent Avenue, 
Winnipeg 21, Manitoba, Canada. 


PRINTED CIRCUIT DRILL BITS. Trumbull, 833 
Balra Drive, El Cerrito, California 94530. 


EXPERIMENTERS — Make etched dual-in-line print¬ 
ed circuit patterns on your board at home. Quick! 
Easyl Inexpensive! No taping! Details: Stamp-a- 
circuit, Box 113H, Westchester, Ohio 45069. 


SELL: Measurements Corp. Model 760 Standard 
Freq. Meter; Range 25-50 MHz, 150-175 MHz, 450- 
475 MHz. Accuracy .0004% @ 25 MHz, .00002% 
@450 MHz; .00007% @150 MHz. Excel, condx. 

w/manual. $395. plus shipping. K2LIU, RD #3 
Freehold, N.J. 07728 


TONE ENCODERS AND DECODERS — New line of 
solid state encoders and decoders compatible with 
any sub-audible continuous tone system. Small 
in size, usable from 67-250 Hz, $8.95 to $14.95. 
Send for literature. Communications Specialists, 
Box 153, Brea, Calif. 92621. 


CANADIANS interested in RTTY. We have the ST5 
A ST6 RTTY converters in stock either wired or in 
kit form. Canadian parts and material used where 
applicable SASE for more information to J. A, Mills 
Box 851, Stn. A, Scarboro, Ontario. 


MORSAVERTER READS HAND-SENT MORSE CODE 

10-80 w.p.m. without adjustment, translates c.w. to 
Teletype code including LTRS, FIGS, CR, LF. Com¬ 
puter circuit uses 63 IC's on one 8 x 10 inch board. 
Kit of four read-only memories, circuit board, 55- 
page technical manual $185. Write for details. Petit 
Logic Systems, 908 Washington, Wenatchee, Wa. 
98801. 


TONE BURST . . . Inoue Regency owners, now 
available, 4 frequency, internally mounted tone 
burst oscillator . . . $29.50. NHE Communications, 
15112 S.E. 4th, Bellevue, Wash. 98006. Phone 
206 747-8421. 


TV A RADIO TUBES 36#. FREE CATALOG. Cornell. 
4219 N. University, San Diego, California 92105. 


RESISTORS: Carbon Composition brand new. All 
standard values stocked. % watt 10% 50/$1.00; % 
watt 10% 40/$1.00. 10 resistors per value please. 
Minimum order $5.00. Post paid. Pace Electronic 
Products, Box 161-H, Ontario Center, New York 
14520 


DIGITAL FREQUENCY COUNTER. Monitor your re¬ 
ceived and transmitted frequency to the nearest 
hertz on 6 nixies. Will work on almost any rig. For 
further information write: Northwest Custom Elec¬ 
tronics; P.O. Box 22413; Milwaukie, Oregon, 97222. 


2 METER FM t Brand New, Inoue IC-20, 1A10 watts, 
12 channels, w/mike, cable, mobile mount $259.50, 
Bob Brunkow, 15112 S.E. 44th, Bellevue, Wash. 
98006. Phone 206-747-8421. 


WE BUY ELECTRON TUBES, diodes, transistors, 
integrated circuits, semiconductors. ASTRAL ELEC¬ 
TRONICS, 150 Miller Street, Elizabeth, N. J. 07207. 
(201) 354-2420. 


START PACKING! Plane or R. R. tickets, road-maps. 
Got 'em? Then you’re ready to take off for the gala 
ARRL Hudson Division Convention, Oct. 21-22, Hil¬ 
ton Motor Inn, Tarrytown, N.Y. Plenty of Free Park¬ 
ing. Exhibits, 2-meter FM, RTTY, lectures, contests, 
YL-XYL events, gabfests, N.Y. City sightseeing, 
prominent banquet speaker. All ya’ need to know 
from Dave Popkin, WA2CCF, 303 Tenafly Road, 
Englewood, N.J. 07631. Free gifts for early reg¬ 
istrants. 


CAPTAIN CRUNCH 2600 c.p.s. telephone long dis¬ 
tance disconnect frequency whistles (4). Rare. 
Each $10. Garton; 1301 W. Estes, Chicago 60626. 


COPY MORSE CODE automatically, (Ham Radio 
November 1971) detailed construction plans $14.95. 
VMG Electronics, 2138 West Sunnyside, Phoenix, 
Arizona 85029. 


WANTED: tubes, transistors, equipment what have 
you? Bernard Goldstein, W2MNP, Box 257, Canal 
Station, New York, N. Y. 10013. 


WORLD QSL — See ad page 106. 


DX'ERS — Dig then out of the Mud. New low 
noise Dual Gate Mosfet Preamplifier. Nominal 20 
db gain. 10-30 MHz. Complete in cabinet. $29.96. 
Dynacomm, 1183 Wall Street, Webster, N.Y. 14580. 


QSL’S — BROWNIE W3CJI — 3111B Lehigh, Allen¬ 
town, Pa. 18103. Samples 10#. Cut catalogue 25#. 


4-LAND QSO PARTY, Sept. 9th 1800Z, Sept. 11th 
0200Z, logs to fourth district ara, R7, Box 187, 
Greenville, N. C. 27834. 


TELL YOUR FRIENDS about Ham Radio Magazina. 
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g 5N7450 

□ 5N74S1 
O SN743J 

□ SN74S4 

□ 5N7 4*0 

□ SN7470 

□ SHT472 

□ SN7472 

□ 5*7474 

□ SN7475 

□ SN747B 

□ SH74SO 
I SN74A1 

□ SH7492 

□ SN74&3 

□ £K74ae 

1 5N7490 

□ SH7431 
; 5H749? 

1 5N749.1 
1 5N7494 
5 SN 7493 
3 SN7494 


SN74107 .49 

SN74121 .3D 

SW741Z2 ,® 7 

SN74123 l.Ofi 
5N7414I 1.33 
SN7414S 1.32 
SH74139 I.3S 
SN74131 1.13 
S W7 4133 1.35 
5N74I34 2.30 
9N741S3 1 . 3 ® 
SM74134 1.39 
SN74I37 1.49 
SN7413D 1 . 4 ft 
SN74190 1.79 
3N7419I 1.79 

SN74162 1-7* 
SA741B3 1.79 
5N74190 1.13 
SR741B1 4.99 
SH741B2 1.13 
SW74192 1,*7 
3N74193 1.97 
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. SN74DI .23 

Li SH 74 Q 2 .23 

SN7402 ,23 
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□ SW7409 .29 
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"DON AND BOB" GUARANTEED BOVS: SBE144 
(249,00 List) 209.95; SBE450 (399.95 L) 
339.00; Gladding 25 212.50, with AC 255.00; 

Standard SR826M 299.95; Motorola HEPI70 
epoxy diode 2.SA/10GOPIV 39c; Ham-M 99.00; TR44 
59,95; Bolden 8440 rotor cable JO^/ft.; Mosley CL33 
124.00; CL36 149,00; Hygain TH60XX 139.00; 
Hyquad 99.00; 400 rotor 148.00; 204SA 129.00; Air- 
dux 240BT cod 5.00; 8eld»n 8237RG8 15^/ft.; 

8214RGB foam 16c/ft*; Collins 75A4 345.00; SX115 
250.00; Trie* MW5Q 229.00; MW65 305,00; Cetron 
572B/T160L 13.95; KY65 code id 5.95; Sangamo 
600MFD/450V 4,95; Mot MC1709CG Op Amp 50c; 
write quote note. Prices collect, Mastercharge, SAC. 
full warranty* Madison Electronics, 1508 McKinney 
Houston, Texas 77002, 713-224 2668. 


FILTERS — Panasonic Ceramic ladder type 455 
kHz, bandwidth 15 kHz @ 6 db, $5,00 each. Post 
paid. Pace Electronic Products, Box 161, Ontario 
Center. New York 14520, 


LINEAR BUILDERS — Motorola HEP17Q diodes 
2-5A/1Q0QPJV 30c each; Plale Choke 90uh., 5KV/2A 
$6.45; Shielded 30A Dual Filament Choke $6.95; 
12,OOOPIV/2.5A Diode board with RC transient 
suppressors $9.95; Diode board unfilled $2,50. All 
Postpaid. K.E, Electronics, Box 1279, Tustin, Cal. 
92680. -- 

WANTED — M15 and M32 TELEPRINTERS m any 

quantity in good condition for use by deaf people 
* * , will accept donations or for fair prices . . . 
can be picked up anywhere * . . write Lee Brody, 
New York-New Jersey Phone-TTY for the Deaf, 
15-06 Radburn Rd,, Fair Lawn, New Jersey 07410 
or call 201-796-5414 evenings. 


CHAUTAUQUA COUNTY FM Repeater Association. 
Announcement of an auction on Oct, 15, 1972, at 
11:00 a.m„ Shore Acres Boat Yard* Be mis Point. 
N. Y, 14712* 


HEATH SB-310 receiver, perfect unmarred con¬ 
dition, expertly built in 1970, Nine bands including 
00-15 meter amateur plus 49-16 meter shortwave, 
AM, CW. and deluxe SSB filters* 15 meter conver¬ 
sion, calibrator. Price new was $351 (kit). Asking 
$320. W. Shockley, 17 Hyacinth Drive, Fords, New 
Jersey 00863. 


FOR SALE: SB-610 monitor scope — $90.00 or 
swap for a "mint" Comm, ill — 2 meters. Jim 
Gysan. W1VYS. 53 Lothrop Street, Beverly, Mass. 
01915. 


FIGHT TVt with the RSQ Low Pass Filter — pi 15 
March 73 —- write for brochure — Taylor Com¬ 
munications Manufacturing Company, Box 126, 
Agtncourt, Ontario* Canada, 


DISCOUNTS! Standard, Sonar, Clegg, Robyn, 
Mosley, Cush Craft, Others. Also Marine Gear, 
Write stating needs. Arena Communications, Dept. 
H, 1169 N* Military Hwy., Norfolk, Va. 23502. 


WRL HAS GALAXY, Drake, Tempo, Hy-Gain. Mosley, 
Cush-Craft and most other leading new gear. Bank- 
Americard and MasterCharge terms available. Free 
72 catalog. World Radio, Box 919, Council Bluffs, 
Iowa 51501. 


GOLDEN JUBILEE HAMFEST beginning Sept. 15 
at Silver Slipper Saloon, Klondike Days Exhibition. 
Full details Box 5906, Station L, Edmonton, Alberta, 
Canada* 


LOW OVERHEAD = LOW PRICES. Most popular 
two meter rigs. Send for quote sheet. L. M., Com¬ 
munications, 516 Chapman Pkwy,, Hamburg, N. Y, 
14075. 


TECH MANUALS for Gov't surplus gear, only $650 
each: R-380/URR* R-3S9/URR. R-390/URR, CV- 
591A/URR, TT-63A/FGC, TS-4Q3/U, URM-25D. Hun¬ 
dreds more. Send 50^ (coin) for 20-page list W31- 
HO, 4905 Roanne Drive, Washington, D, C* 20021. 


THE EIGHTEENTH (10th) ANNUAL V, H. F, CON¬ 
FERENCE at Western Michigan University, Kala¬ 
mazoo. Michigan, will be held October 21, 1972 
(Saturday). Flea market, speaker from Amsat, etc. 
For full details write: V, H. F. Conference, Post 
Office Box 934, Battle Creek, Michigan 49016. 



COMPUTER KEYBOARD W/FNCQDER $35 

Another shipment just received. Alpha-numerics 
keyboard excellent condition. Once again we 
expect an early sellout. Price Of $35 includes 
prepaid shipment in the US and shipment made 
within 24 hours of receipt of order. 

COMPUTER KEYSWITCHES 
Another fantastic bargain for the builder* We 
have brand new bounce-less micro switch keys, 
spares from the above units, less key-tops* 
Make up your own keyboards. Made for PC 
mount. Package of 40 brand new key-switches 
only $12.00 postpaid. 



We still have a few Panoramic Adapters BC 
1031 excellent condition, "IF" 450-470 Kc. 
operate from standard 115 volt 60 cycle. $45 
each complete with schematic, FOB Lynn, 
Mass* (60 lbs.) 


POWER TUNEABLE VARACTOR $5*00 

Similar to MA-4060, used in doublers, 
triplers, amplifiers, etc* Fully guaran¬ 
teed, with specs and some circuits. 
$5 each or 6 for $25 pp. 



DIGITAL READOUTS 



r ^ 



GE Y 4075 25V Miniature 
$1.75 ea* 

GE Y 1938 24V Standard 
$1-75 ea. 

* RAY CK 1905 Standard 
$1,75 ea. 

MAN-3 1.7V Miniature LED 
$3.50 ea- 10/$3Q 

GIANT ALPHA NUMERIC 
$1.75 ea* 


inropw 


MAGNO STRlCTfVE MEMORY 

Good for 7116.5 Bits Storage 

Like New $10 


LASER DIODE 3 WATT 

RCA TA-2628 w/specs. 

ROPE MEMORY MODULE 

From APOLLO project 


$5 

$10 


AM material f.o.b. Lynn, Mass, Sand self- 
addressed envelope for complete list- 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 
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iMrtHLMCUE 


WOBLp'fV^ 


FREE CATALOG 


HARD-TO-HND PRECISION TOOLS 

Lists more (Han 1700 Hens-pliers, 

tweezers, win strippers, vacuum systems, 
relay tools, Optical equipment, tool tits 
and eases* Also includes four pages of 
useful "Tool Tips" to aid in tool selection* 


JENSEN TOOLS 
4117 H. MlMltrrl, Ph*t*i*. *ni 


FM Schematic Digest 

A COLLECTION OF 
MOTOROLA SCHEMATICS 
Alignment, Crystal, and Technical Notes 
covering 1947 I960 
136 pages 11 Vi" x 17" PPd $6*50 

S. Wolf 

P. 0. Box 535 

Lexington, Massachusetts 02173 

SPACE-ACE TV CAMERA KITS A PLANS 

BE A PI0NHJ? « IEL£0|TIW 
TV CAHtfRt Mode XThJA, Ct J116.WW. WJ- 

Stela* Ctf'jlWKl**' l **‘i*l- Mi* Pf. 

0*>n«n *i TV - 1*^.1 ■ri.fwvim- ! 4a« hr hnn, 
wn> T**.iri, ***di.s\ Ifldvlkr, fK* 

PHONE or WRITS tor CATALOG 

DIAL MMTWMI 

Ujpt it.n parti told pUp* melpdtnfl itortor 

ki% farm d*t'- «Jlt, »idif« VNs HT;||| pjwir fit. 


1301 i#q*dwat NW ATV Research oakota city, nor mxti 


rnBt 

ham catalog 


H.F. 

S.S.B. 

F.M. 

ACCESSORIES 


A * 1972 ARRL Hudson Division Convention 

Wk ____—i October 21-22 

S Sf[yya \ I 

ARBI- H “* S-^-SSf S«*X«“ l ^MIbB |f*r B W’’M 

: - ox -' “^op - #k „ yy.rwi L Y* - m 

■ *ssstsS-sr - ~ f*y, 

•.&»s*rssr i i hM * 

• 2 . M *‘ Other Special Event* to I m I ^B .#| 

. Many Other check5 or ■"'»» I UT/ >CI H 

*■ i - 07631 )iNi|yME|P^ 

1 "*§12% »» AHWJJ* $? Y H 105al- 

Ms ?S 5 sS& «T adWi, I; R«e »-**« • -H-' *™ J 


Just About EVERYONE WILL RE THERE! 
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QSLS, Second to none. Same {fay service, 
Samples 25c, Ray, K7HLH, Box 331, Clearfield. 
Utah 84015. 

INSULATED STANDOFF TERMINALS* Teflon* 15 fri 
$1.00; Ceramic* 20 $1.00; Assorted phenolic, 25 

$ \ .00. AH are 4-40 or 6-32 screw or nut mount 
types, ppd. CPG Surplus, Box 189, Braintree, Mass. 
02184. 

SMALL SIGNAL DIODES New assorted 30 — 1.00; 
75 — 2*00; 200 — 5,00; 500 — 10, B, C. Cond. 
3 ■ 1,00. Electronics Unlimited 204 West St.* 

West Warwick* R.I. 

FOR SALE: KWM-2A. 516 — 2* 312 B-5, MP-1* 
351D-2* SM 3, MM-2, excl. cond.. All manuals 

$1,200.00 Henry 4K-2 needs new final $350,00* Con¬ 
tact: Richard Dean 215 McArthur Dr** RLl* Jack¬ 
sonville, N,C- 28540* Call 919-324 4379, 

C1NCY STAG HAMFEST: The 35th Annual STAG 
Hamfest will be held on Sunday, September 24* 
1972 at the ALL NEW Strieker's Grove, on. Stale 
Route 128; one mile west of Ross (Venice). Ohio 
Check local area map for new location. Door 
prizes each hour, raffle, fats Of food* flea market, 
model aircraft flying* and contests. Identify Mr, 
Hamfest and win prize, $5.00 cost covers every¬ 
thing. For further info, contact: John Bruning, 
W8DSR, 6307 Fairhurst Avenue* Cincinnati* Ohio 
45213. 

SAVE MONEY on parts and transmitting receiving 
tubes. Foreign-Domestic, Send 25c for giant 
catalog, Refunded first order. United Radio 
Company, 55-HR Ferry Street, Newark, NJ, 07105. 

SURPLUS 7289 (3CX100A5) ceramic sub for 2C39A, 
Tested 449 Me* Guaranteed ICAS, $3 ea.* $30 doz,* 
plus postage* Only few left. J. E. Howell, W4SQD, 
Folly Beach, S.C* 29439, 

$3,000*00 In FREE PRIZES! On October 7 & 8, 1972* 
SWAN ELECTRONICS will host its second Annual 
Open House, En;oy refreshments* plant tours, tech’ 
meat talks, movies, etc. Free prize drawings for 
licensed amateur radio operators , * . also, ladies 
and kids. Located next to Oceanside Airport, over¬ 
night trailer and camper facilities will be available. 
Join the "Talk-In” on 7260 kHz and 146,94 MHz* 
Don't miss this family affair — include fhrs visit to 
SWAN in your vacation plans. Any questions? Calf: 
(714) 757-7525. SWAN ELECTRONICS — 305 Air 
port Road* Oceanside, California 92054* 

AUDIO FILTERS: Knock down that background 
noise, KQJG SSB. AM and CW filters da the job. 
Write for free brochure and see how serious DX 
hoys hear them, KOJO, Box 7774* 741 E. High¬ 
land Ave,* Phoenix, Arizona 85011* 

NEW ELECTRONIC PARTS. Buy-Sell, Free Flyer* 
Large catalog $1.00 deposit. Bigelow Electronics* 
Dept. HR, Bluffton, Ohio 45817. 

RECIPROCATING DETECTOR PARTS KIT. Write Peter 
M each am Associates, 19 Loretta Road, Waltham, 
Mass. 02154* 

ENCODERS 2805 Hz. or other single frequency* 
9VDC, high output, rock stable* iy 4 " * x 

$5.00 postpaid, Richard Puckett, W04SWW* 707 
Setliff Place, Nashville, Tennessee 37206. 

SHACK CLEANING: Gud condx Central Electronics 
200 V, $350. Drake I receiver, $85. EicO 3 inch 
scope* $45. Shipping extra* WA82SM. 2660 Green¬ 
field Drive, Mt. Pleasant, Mich. 48858, 517-773-7120 

WANTED: R220 in excellent condition. John Ray¬ 
mond* Superior Plating Co*, 2500 Post Road, Fair- 
field, Connecticut 06430* 

AMATEUR SALES & SERVICE. Start with discount 
prices and get service after the sale. We stock 
such leading names as Clegg* Drake, Kenwood, 
Regency, SBE* Signal/One, Tempo One. Antennas 
by Cush Craft and Mosley* Towers by Rohn. 
Wrile or call today Amateur Sales and Service, 
111 Rand Mill Road, Gamer, North Carolina 27529, 
Tel. 1-919-772-6044, 

VHF NOISE BLANKER — See Westcom ad in Dec. 
'70 and Mar* '71 Ham Radio* 



PROVEN ON-TH E-AIR PERFORMANCE 


MODEL ACA-1 



$49.95 KIT 

ASSEMBLED 

$69,95 


MODEL ACA-1 AUDIO COMPRESSOR fealures 45 DB 
compression range a Flat 20-20,000 Hz response ■ 
Extremely low distortion * Front panel compression 
meter and in/out switch ■ Accepts both high and 
low-impedance mikes ■ Easily installed in mike line 
a 110-vott a.c. or 12-volt d.C. operation ■ Only 5* W 
x 2 Ya** H x 4ft" 0, 


MODEL ACP-1 

$24.95 KIT 

ASSEMBLED 

$34.95 


* 


MODEL ACP-1 COMPRESSOR-PREAMP has 30 DB 

compression range ■ Fiat 20-20,000 Hz response and 
low distortion » Designed for high-impedance mikes 
■ Easily installed in mike line * 9-volt battery opera¬ 
tion 9 Only 4'* W x 2ft" H x W D. 


IDEAL FOR TAPE RECORDERS! 

Try one of these compressors as an automatic re¬ 
cording-level control. Used by recording studios, 
schools, and radio-tv stations. Great for p.a. systems, 
too! 


3-CHANNEL WWV RECEIVER 

(5, 10, and 15 MHz) 

$74.95 KIT 

" . .-= Jgk] | ASSEMBLED 

• • $99.95 


0.25 microvolt sensitivity ■ Crystal controlled a 110- 
volt a c. or 12-voft d.c. operation ■ Compact size 
oniy 4ft" Wx 2ft" H x 5ft" D, 


Send check or money order, plus $1.50 for shipping 
anywhere in US.A. Caiitornie residents add 5% sales 
tax 

DEALER INQUIRIES INVITED 



CARINGELLA ELECTRONICS. INC. 

P O. Box 327 n Upland, California 9178E 
Ptvone 714-985-1 54Q 
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Versatility plus!. ..in a 

2 Meter FM Transceiver 




Over-theshoulder, mobile, or at home 

Completely transistorized, compact, portable* 
Capacity for 6 channels. Built-in telescoping 
antenna, and connector for external antenna* 
Use barefoot or with accessory amplifier. Ex- 
ternal 12 VDC or internal ni-cad batteries, 
built-in 120 VAC battery charger. 


R. L. DRAKE COMPANY 


Complete with: Dynamic Mike, 
0-T-S Carrying Case, 120 VAC 
and 12 VDC Cords, Speaker/ 
Headphone Plug and I Q Ni-Cad 
Batteries* 


AA 22 Amplifier $149.95 
MMK-22 Mobile Mount $9.95 
BBLT144D Hustler Ant. $27.95 


GENERAL: • Freq, coverage: 144-148 MHz • 6 channels, 3 
supplied • Push-to-talk Xmit • DC Drain: Rev, 45 mA; 
Xm it, 450 mA • Size: 5-3/8" x 2-5/16" x 7-1/8", 3-3/4 lbs. 


RECEIVER: • Transistorized crystal-controlled superhet * 1st 
IF; TO.7 MHz, 2nd IF: 455 kHz* Ant. Input Imped: 50 ohms 
• Sensitivity: 1 pV or less/20 dB S+N/N • Audio Output: 
0.7 W * Built-in speaker* 


TRANSMITTER • RF Output over 1 W • Fret*. Dev. adj. to 
15 kHz max. r factory set to 5 kHz. 


PRE-AMP 




HIGH GAIN * LOW NOISE 

35dB power gain, 2.5-3.0 dB NT. at 150 MHz, 
2 stage, R.F* protected, dual-gate MOSFETS, 
Manual gain control and provision for AGC, 
4IV' x l% ,f x aluminum case with power 

switch and choice of BNC or RCA phono con¬ 
nectors (be sure to specify)* Available factory 
tuned to the frequency of your choice from 5 
MHz to 350 MHz with approximately 3% band¬ 
width. Up to 10% B.W. available on special 


order* 


Modal 201 price: 5-200 MHz $21.95 

201-350 MHz $24.95 


196-23 JAMAICA AVE. 
HOLLIS, N.Y. 11423 


GATEWAY 

ELECTRONICS 

8123 PAGE AVENUE 
ST. LOUIS, MISSOURI 63130 
314-427-6116 

6 V* 1,5 A — Ship wt. 2 LBS, $1*75 

12 V.C.T. 1.5 A — Ship wt, 2 LBS. $2.00 

24 V, C* T, 1 A — Ship wt. 2 LBS, $2.50 

30 V.C*T* 30 A — Ship wt. 14 LBS* $10.00 

30 V* C. T. 10 A “ 9 LBS* $5.00 

32 V 1 A, 10 V 2 A — Ship wt. 3 LBS, $3.00 

Vi WATT TRANSISTOR AMPLIFIER — 6 volt 
power Hi Z input speaker — Ship wt, % lb, 

$1,50 

GENERAL ELECTRIC "MESSAGE MATE" PAGING 
RECEIVER with NiCAD battery, charger, 
case less tone reeds. Good working order on 
150 MHz — Ship wt. 4 lbs, $60.00 

10 MHz CRYSTAL TYPE CR6/U — Ship 

wt. Va lb* *2.00 

KEY OPERATED SWITCH FOR ALARMS, etc. — 

Ship wt. % lb, $2.50 

PARABOLIC DISH ANTENNA, Antenna breaks 
into 18 sections tor easy handling, light 
aluminum construction, reflector only* no 
feed or mount aprox. S feet by 6 feet -— 

Ship wt. 60 lbs, $125.00 

2Va*2Va SQUARE 0-20 V.D.C, METER — Ship 

wt, l A lb. $1*95 

3 INCH ROUND METER 40 0 40 MICRO AMP — 

ship wt. y$t lb. $1.50 

$5.00 Minimum Order 
Visit Lis when in St, Louis 


DRAKE 


540 Richard SL, Miamisburg, Ohio 45342 
. Phone: (513) 866-2421 • Telex: 288-017 


$40095 

1 W W Amato 


Amateur Net 
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NEW MEXICO HAMVENTJON on September 15, 16, 

& 17th, Technical sessions. Other sessions will in- 
dude traffic, QCWA, ARPSC/AREC/RACES, FCC 
seminar, joint Air Force, Navy and Army Mars, and 
an ARRL forum, Saturday afternoon there will be a 
fashion show and luncheon for the ladies. Displays. 
Sunday swap fest and ladies may have a swap 
fest of their own, bringing all sorts of krsick knacks. 
Tallin frequencies on 146-34/146-94 MHje, 146.16/ 
146.76 MHz, 7.255 MHz. and 3.940 MHz. The affair 
will be held at the Albuquerque Hilton Inn at the 
intersection of Interstates f-25 and 1-40 Advance 
registration is $B.50 and registration at the door 
will be $12,00 For more information. Contact The 
New Mexico Hamvention, P, 0, Box 14381, Albur 
querque. New Mexico 87111. 

SSTVp RTTY t CW, WWV, CHU tone to logic decoder 
projects. Chassis, plans, hardware, eight 2 ft x 3 W 
epoxy cards, $6, Hornung, 1630 Bowling Lane, 
San Jose, Calif. 95116, 

13,000,00 in FREE PRIZES! On October 7 & 8, 1972, 
SWAN ELECTRONICS will host its second Annual 
Open House. Enjoy refreshments, plant tours, tech¬ 
nical talks, movies, etc. Free prize drawings for 
licensed amateur radio operators - . . also, ladies 
and kids. Located next to Oceanside Airport, over¬ 
night trailer and camper facilities will be available. 
Join the u Ta!fc-ln" on 7260 kHz and 146.94 MHz. 
Don't miss this family affair — include this visit 
to SWAN in your vacation plans. Any questions? 
Call: (714) 757-7525. SWAN ELECTRONICS — 305 
Airport Road, Oceanside, California 92054, 

HEATH DX-100 transmitter, operating condition, 
built in I960- Manual included. Perfect for novice 
or CW operator. $80 or best offer. W. Shockley, 17 
Hyacinth Drive, Fords, New Jersey 08863. 

PHILADELPHIA, PA. First annual Pack Rat Ham- 
arama, Sunday October 1, 1972, at the Warwick 
Fire Co., Jamison, Pa., located on Rt. 263 above 
Willow Grove, Pa. Activities include giant flea mar¬ 
ket, auction, and an amateur TV demonstration by 
the leading local ATV'ers. Festivities begin at 10 
A.M. Food concession on premises. Registration is 
$1.00, flea market tables Or tailgate sales, $2,00. 
Talk-in on 146,94 and 52.525. For further infor¬ 
mation contact W3ZD at 520 Centennial Rd„ War¬ 
minster, Pa. 18974. 

NOSTALGIA, A handsome series of books to bring 
back yesteryear. Reprints of old Sears, Montgomery 
Ward 4 Marshall Field catalogs. Books on old 
time autos, toys, and ladies fashions. Write today 
for full details. Com tec, Greenville, NH 03048. 

F. C, C- TYPE exams guaranteed to prepare you for 
F. C, C. 3rd. ($7.00), 2nd, ($12,00). and 1st, ($16.00) 
phone exams; complete package, $25-00. Research 
Company, Rt. 2. Box 448, Caiera, Alabama 35040. 

HAM FEST IN MEMPHIS, September 17, State Tech¬ 
nical lnstitute T Interstate 40, east of city. Prizes, 
flea market, tech talks, MARS meeting, XYL activ¬ 
ities, food. 8-00 a.m, to 5:00 p.m. Talk-in on 2M ,34- 
.94, .22.76, 75M, 3.980, Write Evin, WB4VDH, 239 
Kenilworth, Memphis, Tennessee 38112, 

BE SURE to take advantage of Ham Radio's 
Summer Sale, Details were sent to you. but If you 
want another copy of this offer write: Summer 
Sale, Ham Radio, Greenville, NH 03048. 

SJRA HAMFE5T on Sunday, Sept. 10, 1972, at 
Molia Farm, Malaga, N. J., rain or shine. Greatly 
expanded Swap Shop. Protected pavilion contain¬ 
ing tables for Swap Shop and special parking will 
be provided at the Hamfest for hundreds of cars 
for those who prefer to display in the trunks of 
their cars. A variety of contests, games, and 
displays, plus prizes. Picnic and protected swim¬ 
ming facilities will also be provided to help make 
a gala event for the entire family. Advance reg* 
istration at $2.00 per family ($3.00 at the gate). 
Write Fred Holler, W2EKB, 348 Bortons Mill Rd„ 
Cherry Hill, N, J. 08034. Molia Farm is located 
just off Route 47 at Malaga Lake, Malaga, N. J. 

YOUR AD belongs here too. Commercial ads 25c 
per word. Non-commercial ads 10<* per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 



ELECTRONICS 

LIMITED 


The KW2000B 
the transceiver 
with 160 Meters 

$699 withspkr 

and AC pwr supply 



NOW infheUSA 

K W Electronics 

OH,’**)* op srtTCOMs Inc 


10 Peru St., Plattsburg, N.Y, 12901 


CRYSTAL BARGAINS 


Depend on ... 

We supply crystals from 
16 KH Z to 100 MH Z in 
many types of holders. 
Over 6 million crystals 
in stock. We manufac¬ 
ture crystals for almost 
all model SCANNERS, 
MONITORS, 2-WAY 
RADIO, REPEATERS, ETC. 
Inquire about special 
quantity prices. Order 
direct with check or 
money order. 

Far first class mail add I5C per 
crystal for airmail add 2DC ea. 



DIVISION OF 686 
WHAN & SON 
fLECTflONfCS, INC. 

2400 Crystal Dr. 
Fort Myers 
Florida 33901 
(813) 936-2397 

Send IOC for new 
catalog with 
oscillator circuits 
and lists of 
thousands of 
frequencies in 
stock. 


SPECIALS! CRYSTALS FOR: 

Frequency Standards 
100 KH' (HC13/U) 

100(1 KH f IHC6 U1 
Almost Ail CB Sets. Tram. or Hec 

IC8 Synthesiser Crystal on request! 
Any Amateur Kind in FT-243 

(Except SO m filers) 4 

m Meter Range in FT-243 
Color TV 3579 545 KH iw-re leads! 


44.50 
4,50 
2 50 


1.50 
4 (or 5.90 

2.50 
1 GO 


4 lor 5 
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component is instrument 
grade, American-made, 
and individually tested, 

ALL MODES 10 thru 160 
meters in fult 1 MHZ 
bands with overlaps. 


BROAD * SAND TUNING, 
Instant hand changes 


WORLD QSL BUREAU 

THE ONLY QSL BUREAU to handle all 

of your DSLs to anywhere; next door, the 
next state, the next country, the whole 
world. Just bundle them up (please arrange 
alphabetically) and send them to us with 
payment of 54 each. 

5200 Panama Ava., Richmond, CA USA 94804 


tommiR 

* AUTOMATIC tMiiNG 

* PLUG- IN MEMORY 

* ALL SOL 10 STATS 

* eowm supply 

* TONI BURST tNTHif OPTION 

(MS &&£ 


FOP FM PFPiATfttS 
W-403 

Cwmfrirt'f ■ Mil, to ^ 
n» ho 

12MM I with I ant 

UUF|1 DplHH.ll 


(Mis — 

ito ■ 41 rG * Ml H.itj r Air. V ll„ A 1. ALIf * rt I iiIS: ‘lb* JIM 


INOUE 2 mtr FM 

12 chan. IC-2D mob, unit/10 crystals $269.50 
24 channel IC-21, buitHn AC supply, RlT, DISC 
mtr SWR ind. with 10 crystals $359.50 

Extra crystals, w/purchase $3.50, without $4.00 

90 day warranty 

Send Cashier's Check or Postal M/O to: 

Woody W7RC — RC ENGINEERING 
15051 SE 128 St., Renton. Washington 98055 
Area code 206 AL 5-8955 


the 


incomparable 


Features: 

RELIABILITY IS NOW 
standard equipment 
Every CX7A "burnt-in" 
and cycled more than 96 
hours. 

QUALITY-PLUS. Every 


VTIIIIUUI LUMMI^g 

* TRUE BREAK-IN CW with 
T/R switching. 

■ JE SHIFT — deluxe QRM 
sheer. 

. PRE-IF NOISE BLANKER 
that really works. 

* RF ENVELOPE CLIPPING 
— sounds like a Kw, 

• TWO VFO'S. Transceiver 
Plus receiver, 

• BUILT-IN: Spotter. FSK 
shift, transmit offset, 
wattmeter, SWR meter, 

t electronic CW Keyer, 


CX7A 


ft's Perfection 
for $2395 


If you want to move up to the 
BEST, give DON PAYNE, K4I0, 
a call for personalized service, a 
brochure, and a KING-SIZE trade- 
in on any gear you have — one 
piece —- or the whole station, 

PAYNE RADIO 

Box 525 

Springfield, Term, 37172 


i/i 


Specifications: 

SENSITIVITY: Better than 
1 Odb signal-plus-noise-to¬ 
rtoise ratio for ,25 micro¬ 
volts at 28MHZ, 

SELECTIVITY; 2,4 KHz ® 
-6db 1.8:1 (6:60db) shape 
factor. (16 pole Crystal lat¬ 
tice filters) optional; CW- 
400 and 250 HZ, FSK1200 
HZ. 

CARRIER and unwanted 
sideband suppression: Min¬ 
imum GQdb. 

IMAGE and IF REJECTION; 
more than 60db. 

POWER LEVEL; 300 to 500 
watts p.e.p, plus, continu¬ 
ous duty cycle. 

POWER AMPLIFIER: 8072 
final completely broad- 
banded driver and final, 
150 watt continuous dis¬ 
sipation rating. 


Six Days 
(615) 384-5573 


Niles - Sundays 
(615) 384-5643 


ULTRA-BAL 2000 


i Advanced OeJiiqn *Na raO*H*m Prcn cmi mort partner Id anttWi* 
^ BA L LJT-J * * L *iia nci.Mf □f' rao- ■. ■ 

* Pu>i Wm H er 1 i n(v> 

*EoLipujiaiHl uJ|r* wwalhar puol 

* Mu typr 3KV Tifiijj,, mhuinliQfl mrtf 

+ \r* PqJ- WH 1.1* hni.1 


U.Eleciranlcs 


if i r«ii U d.. J 8.9S ppd 

Bo* 1279, Tuttin Calif. 926B0 


Sub-Audible Tone 

Decoder $9.95 
$14.95 


1 VHF 
- UHF 


to nr systems strefr as 
Private Line, Channel Guard, Quiet Channel, etc. 

• Glass epoxy PCB's & Silicon xslrs llirciuytiout 

• Any reeds, except special dual coil Types may be used: 
Motorola, G,l, f RCA, S.O.L., Sramco, etc. 

• Ail are powered by 12 vdc 

• Use on any tone frequency 67 Hz to 250 Hi 

• Small sue 1.5 x 4 x .75" 

• All parts included except reed and reed socket 
Postpaid — Calif, residents add 5% sales tax 

COMMUNICATIONS SPECIALISTS 

P. O. Bax 153, Brea, CA 92621_ 


Crystal Controlled CONVERTERS for OK, FM, ATV, Space 
and other uses. Extremely Sensitive and free from spur- 
ious responses. With AC power supply. Choice of i-f, many 
in stock. Upgrade your station to JAREL 

50 MHz 2.Odb IMF $74.95 

144 MHz 2,5db (MF $74.95 

220 MHz 3.Odb NF $79.95 

432 MHz 5,5db NF $74,95 

All postpaid. Write for full details. Also preamps. Ask 
about our OSCAR special 435 MHz converters. 


IA NFL p-o, box Hz 

anilbl. SUCCASUNNA, N, J, 07876 

LABORATORIES 201-584-6521 
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DIGITAL 




•LED Display 

•12-24 Hr Switch 
Selectable 

• Easily Set 

• Compact Size 


The Model HHOO Digit ill Clock lias versatility 
unmatched hy similar units at more than twice 
the pi ice. Idea! for electronics enthusiasts, 
hams, radio and television studios and event 
timing. Solid State LED displays end display 
replacement problems. Foolproof presetting 
controls combined in a conservative reliable 
design assure long term accuracy. The 8800 
may be used with its own internal time stan¬ 
dard or external standards ean he used. BCD 
outputs arc available. The unit is shipped fully 
a sse m h led a nd ca I i bra t cd. 

KKIMJ Digital Clock S94.95 




At last! A low cost keyboard with touch-tone coding built into tjje 
switches, (deal for repeater and relay applications. The KB-3 will 
interface directly with all popular logic types and can program the 566 
VOC for the standard frequencies. The KB 3 measures 3" % 2Vi' and 
has a total depth of ’j". Keyboard legends w ill not .chip or wear off. 
Contacts rated at 25 V and 41) mA. Bought straight from the manu¬ 
facturer . 

KEI-3 Touch-Tone Keyboard ..S7.95 


Cel your 48-page, 1972 catalog immediately! Send 30tf for First Class, 
40? For Air Mail delivery. 



ENVIRONMENTAL PRODUCTS 

BOX 1014 GLenwood Springs, CO 81601 


tfp 
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• New 8877 Air-cooled! final 

• 1500 watts plate dissipation 

• 4000 volts on plate 

• 25 mfd oil-tilled capacitor 

• vacuum variable tuning capacitor 

• vacuum relays for T/R switching 

• 6000 volt * 20 Amp, Bandswitch 
■ 3000 watts PEP continuous duty 

• 1500 watt continuous duty transformer 
, 9 Vi st 17x18 — 70 lbs. 

It's Perfection for $1795. 

If you want to move up to the BEST, give DON 
PAYNE* K41D, a call for persooallied service* ■ 
brochure* and a KING-SIZE trade-in on any gear 
you have <— on# piece or the whole station. 

PAYNE RADIO 

Bost 525 — Springfield* Term. 37172 

Six Days Niles - Sundays 

(615) 384-5573 (615) 304-5643 
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$ 235.00 


A COMPLETELY NEW 
CONCEPT IN 

PORTABLE RADIO DESIGN 


1. 0.5 TO 30 MHi CONTINUOUS COVERAGE - DIRECT 
READOUT 

2. ANTENNA TUNING FOR MAXIMUM SENSITIVITY 
3* AM CW SSQ. (SELECTABLE USB AND L5B) 

4. SELF POWERED BY SIX UM1 DRY CELLS 

5. POWER JACK FOR EXTERNAL 6-12v. DC SUPPLY 

6. HEADPHONE JACK 

7* DRIFT FREE RECEPTION 


The World At Your Fingertips 

It’s Portable - BARLOW-WADLEY XCR30 

CRYSTAL CONTROLLED RECEIVER 


FM YOUR GONSET 
COMMUNICATOR 


• New* Pi U 9 in modulator 

putt the Com muni- 

calor transmitter on Jl 

pm, n 

• No modification or \ 

rewiring on vour M s. 

Communicator. Just ’I > 

plus into mike leek I _ T CiSffil 

and crystal socket, 

• Compact self-contained 

modulator measures 

4” it 3" k lift**. ^ ■ 

* Works witn Communicator I* II* Ml, IV and 

GC-105, 

* FM at a tenth the cost of a new rig. 

* Frequency adjust for netting built in. 

* Built-in ton* burst available. Keyed by 

push-to-tatk switch. 

1 $34.50 postpaid U.S.A, Built-in tone bursl 
$10,00, Specify Communicator model 
and tone-burst frequency. California 
residents add 5% sales tax. (HC- fi /U 
crystat and 9 volt transistor battery noi 
supplied,! 

* Send for free descriptive brochure. 


NGINE 

BOX 455, ESCONDIDO, CA 92025 


For Further Information Write 

NOONAN ASSOCIATES 

2056 ALAMEDA WAY 
SAN JOSE, CALIF. 95126 




























EXCEPTIONAL QUALITY... 

VH( (M Transceiver 



Including transceiver, 3 
channels supplied, mobile 
mount, dynamic mike and 
huilt-in AC-DC power supply. 


mmt ^0 ^0 Amateur Net 

Accessory B0LT144D Antenna: 
Hustler 3.4 dB gain $27.95 




m* GENERAL • Freq. coverage: 

144-148 MHz • 12 channels, 
3supplied •Rush-totalk Xmit 
• AC drain: Rev, 6W; Xmrt, 
50 W * DC drain: Rev, 0.5A; 
Xmit, 4A • Built-in Power 
Supply: AC, 117V 50-60 Hz; 
DC, 13 + 5 V ± 10% • Size: 7-7/8" 
k 2-3/4" x 10-1/4", 8-1/4 lbs* 

TRANSMITTER: • Transistorized with 6360 output tube • 
RF Output: over 10 W • Freq, Dev: Adj, to 15 kHz max* • 
Freq, Stability: ±*001% or less • Output Imped: 50 ohms, 

RECEIVER: • Completely transistorized, crystal-controlled 
superhet • Intermed. Freq: 1st 10.7 MHz, 2nd 455 kHz • 
Input Imped: 50 to 75 ohms • Sensitivity: 0.5^V or less/20 
dB quieting; 1/;V or less/30 dB S+N/N at 10 kHz dev., 1 kHz 
mod. • Audio Output, 0.5 W ■ Spurious Sens,, > - 60 dB, 




: ... : : : : 


R. L. DRAKE COMPANY 



540 Richard St., Miamisburg. Ohio 45342 
Phone: (513) 866-2421 • Telex: 288-017 


2 METER PREAMP 

More Gain, Less Noise Foe The Money! 

20 DB GAIN 
NOISE FIGURE 2.5 
12 VDC OPERATION 

Small Size: iy t x 2y t x >/ 2 • Only $12.50 

Kit $9.50 

Option for 150-250 VDC Operation - $1.00 


0*TA EnQIMIOinC l«c 


to 174] Vp..n,ji„p d V„ }}|)| 


CLEARANCE SALE 

30% OFF ON ALL 
USED EQUIPMENT IN STOCK 

Large Selection — 

Send For Free List: 

FRECK RADIO & SUPPLY CO. INC. 

38 8ILTM0RE AVENUE 
ASHEVILLE, N. C. 28801 
704-254-9551 




- (IMUexfliMl) -— 

EXCLUSIVE 66 FOOT 7$ THRU 10 METER DIPOLE /ffc 

NO TRAPS - NO COILS - NO STUBS - NO CAPACITORS Qj*£ 

Fully_ Air Tfttedj— Thousands Already in Uit f/i 




#10 40% Copper Weld wire annealed so it haridfes like soft Copper wtre—-Rated for better Ihan full legal power AM/CW 
or SSfi Cojiiel ai Balanced 50 to 75 ohm feed line—VSWR under 1-5 to 1 at most heights—Stainless Steel hardware— 
Diop Proof Insulators—terrific Performance—No coils or traps to break down or change under weather conditions—Comp’ 
lefefy Assembled ready to out up—Guaranteed 1 year—ONE DESIGN DOES IT ALL: 75-lOHD—ONLY (12-00 A BAND’ 


Modal 75 1DHO *60.00 
Model 75 2GHD *50.00 


66 Ft 75 Thru 10 Meters 

66 Ft 75 Thru 20 Meiers 

Model 80 4QH0 *42 00 


ORDER DIRECT OR WRITE FOR 
FULL INFORMATION 


Model 75 40HD *40 00 66 
Model 40-20HD *33 00 35 
69 Ft 80 40-15 Meier (£W) 

OR 

300H Shawnee 
Leavenworth, Kansas 66048 


66 Ft 75 Thru 40 Meters 

35 Ft 40 Thru 20 Meters 


OR THRU YOUR FAVORITE 
DISTRIBUTOR 
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Electro nix Sales 

\23044 S CRENSHAW BLVD, TORRANCE, CALIF. 90505 
\ Phone: (213) 534 4456 or (213) 534 4402 

CL OS ED SUN DA Y & MON DA Y 

us at our booth at the Southwestern Division Convention 
Santa Maria, Calif,, October 21 & 22, 


REWARD 

FOR 

NEW 

PRICE 

$195.00 

2B or 2C 

R4B 

$475.00 

$220.00 

R4 

R4B 

$475.00 

$275.00 

R4A 

R4B 

$475.00 

$200.00 

T4 

T4XB 

$495.00 

$125.00 

2NT 

T4XB 

$495.00 

$285.00 

T4X 

T4XB 

$495.00 

$ 60.00 

AC3 

AC4 

$ 99.95 

$ 70.00 

DC3 

DC4 

$125.00 

$270.00 

TR3 

TR4 

$599.00 


STOP THAT T. V. I. 


**n i 


***»< j 


3-30 MEG, W/80 DB/AT 42 MEG, 


INTRODUCTORY OFFER 

$14.95 


HALLETT 


ELIMINOISE 

IgntHon Noise Suppression Kit 




im«i 


TTTX 


mu 


MODtl BO ywivUtAl BIT IIT1 AU • Ot (III 


LIMITED 


SPECIAL $24,95 


I5S.00 VALUE 


WANTED 


CLEAN DRAKE GEAR 


xah xr r o nix 

i_6 and 2 Meter 

Sale 1C 77 

Priced IJ 

MODEL LA 150 

Gain (2 Meters) ..3db 

Gain (6 Meters). Unity 

Nomina) Impedance 55 ohms 
Overall Length.55 in. 


LOW PASS 

MODEL LP-200 

















write for 
CATALOG 


CHYfiT AL (VIfG. CO.. INC 


1-D PflO iii a OULA Cptv OulA 
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INTERNATIONAL EX CRYSTAL & EX KITS 

OSCILLATOR * RF MIXER - RF AMPLIFIER ■ POWER AMPLIFIER 


3. PAX-1 TRANSISTOR 
RF POWER AMP 
A single luned output amplifier 
designed to follow the OX oscil¬ 
lator. Outputs up to 200 mw, 
depending on the frequency and 
voltage. Amplifier con be ampli¬ 
tude modulated. Frequency 3,COO 
to 30.000 KHz. 13.75 


for the COMMERCIAL user... 


1. MXX-1 TRANSISTOR 
RF MfXER 

A single tuned circuit intended for 
signal conversion in the 3 to 170 
MHz range. Harmonics of the OX 
oscdlator are used for injection in 
th© 60 to 170 MHz range Lo Kit 3 
10 20 MHz. Hi Kit 20 to 170 MHz 
(Specify when ordering] S3.50 


4* BAX-1 BROADBAND 
AMP 

General purpose unit which may 
be used as a Luned or untuned 
amplifier in RF and audio appli¬ 
cations 20 Hz to 150 MHz. Pro¬ 
vides 6 to 30 db gain. Ideal for 
SVVL, Experimenter or 
Amateur ......$3.75 


5, OX OSCILLATOR 
Crystal controlled transistor type. 
Lo Kit 3.000 to 19.999 KHz, Hi Kit 
20,000 to 60.000 KHz. (Specify 
when ordering!.12,®® 


6, TYPE EX CRYSTAL 

Available from 3.000 lo 60.000 KHz. 
Supplied only in HC G/U holder. 
Calibration is ± .02% when oper¬ 
ated in International OX circuit 
or its equivalent. (Specify 
frequency) .....$3.95 


CRYSTAL (GP) for ‘ General Purpose ‘ 

TYPES: applications 

(CS) for ''Commercial Standard;" 

(HA) for “High Accuracy" close tem¬ 
perature tolerance requirements 


2. SAX-1 TRANSISTOR 
RF AMP 

A small signal amplifier to drive 
MXX-l mixer. Single tuned input 
and link output. Lo Kit 3 to 20 
MHz, Hi Kit 20 to 170 MHz 
(Specify when ordering) $3.50 


international Crystals are available from 70 KHz 
to 160 MHz in n wide variety of holders. 

Crystals for use in military equipment can be 
supplied to meet specifications MIL-G-3G98E, 


INTERNATIONAL 
PRECISION RADIO CRYSTALS 


for the EXPERIMENTER! 
















TEMPO...a quality 

name...a 



growing 


TEMPO 


TEMPO lima 


SSB TRANSCEIVER 

. ,,.represents the 

culminating achievement o! 
many years of experience in 
i he amateur radio field. 
Modern design, superb 
performance, high styling, 
sturdy construction, 
outstanding reli abi 1 1 1 y f 
exceptional value . 


the top of the Tempo VHF line Thrs 
transceiver offers all of the famous 
Tempo quality and performance 
at 25 watts of power output, The unit 
also features a low power position 
for 10 watts output to conserve 
battery power. Here is a true value 
m VHF FM; Tempo presents high 
power operation for only $349.00. 


Tempo "ONE 
Transceiver 


AC/ONE Power 
Supply (117/230 Volt 
50/60 cycle 

DC/1-A Power supply 
(12 volts DCi 



powerful performers.. 
reasonably priced ... 
high power 

tm amplifiers by Tempo 


TPL502 


A superior quality VHF FM Iwo meter power amplifier Only 
6*/ z ' r x Vfz** x 3 U , yet contains all the features of the tpl 
1002-3 and provides a minimum of 45W output and typically 
SOW. Price $99.00 


j{] THE MOST COMPLETE UM Of SOLID STATE AMPLIFIERS AVAILABLE )_yl 

MODEL 

number 

POWER 

INPUT 

POWER 
OUTPUT trnln) 

BAND 

PRICE 

TPL 1002-3 

5 to 25W 

100 T35W 

2M 

$220,00 

TPL1002-3B 

1 - 3 W 

SOW 

2M 

$235.00 

TPL802 

5W 

BOW 

2M 

$180.00 

JPLB02B 

1 to 3W 

BOW 

2M 

ST 95,00 

TPLS02 

5 to 15W 

35 55W 

2M 

$ T05-00 

TPLS028 

1 to 3W 

45W 

2M 

$130.00 

TPL252 A2 

1W 

25VU 

2M 

$ B5 00 

TPL445 TO 

1 to 2,5W 

12W 

440MHz 

$125 00 

TPL44S 30 

4W 

SOW 

440MHz 

$21 5 00 

TPL445 30B 

1W 

30W 

440MHz 

$235 00 


ft fl 


TEMPO 


Truly mobile, the Tempo fmp-3 watt 
portable gives amateurs 3 watts, or a 
battery saving !4 watt, FM talk power 
anyplace at anytime. With a leather 
carrying case included, this little 
transceiver will opeiaie m the held, m a 
car, or at home with an accessory AC 
power supply. The battery pack is ot 
course included. Price:$225.00. 


Other Tempo products: 

FMV45G JO watt UHF transceiver 
FMV - 10 watt 2 meter tiansceiver 
RBF l Wattmeter & $Wft Bridge 
VHF & UHF Solid State Amplifiers 


11 240 W. Olympic Blvd Lns Angeles. 
CaliT 90064 

931 N Euclid, Anaheim. Calif 9J801 
Bullet. Missouri 64730 


313/477 *701 
714/772-9200 
616/679-3127 



















cw POWER OUTPUT (WJ 
AT 70S MHz 




Several design improvement give Ihe 
7211 life comparable to solid stale devices. 

These improvement have been designed 

into all EIMAC planar Inodes. The result is longer 
life. Higher power and efficiency. Higher frequency 
operation And belter linearity In many cases Ihe 

improved tubes are direct, plug-in replacement for earlier 
models in existing equipment, resulting in lower 

cosl per operating hour to the user 


Plug more life 
into your 
system 


with EIMAC 


planar triodes. 


To make a long story short, after 
18.000 hours of life lest EIMAC 
Improved 7211 's were Slill delivering 
over 35 watts CW at 705 MHz in the 
r-f cavities for the Army's GRC-103 
Radio Set. And that's no fluke 


Mr 

40 

30 

0 


Right now EIMAC has more than 70 planar inode types in 
three families ranging from the 2C39A types through Ihe latest 

___ miniature planar triodes. In 

CW, EIMAC frequency capability 
goes up to 5 GHz and powers to 
450 watts. For pulse appiicanons. 
EIMAC has models capable of 
delivering up to 1 kilowatt peak at 6 GHz. 


7K 4K ftK 5K 10K 1?K 

TUBE LIFE (HOURS* 


UK ifiK 18K 


When it comes to planar triodes lor retrofit or new equipment, only EIMAC 
has full capability, For a copy of our planar triodes 
applications manual, get in touch with 
EIMAC, 1678 Pioneer Road. Salt Lake City, 

Utah 84104, Or your local Varian/EfMAC 
Electron Tube and Device Group 

Sales Office. 

division 

varian 




